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RESEARCH  SWOSIÜM 
COmiEMORATING 
THE  3EVENTY-FIFTH  APJIVER3ARY  OF 
WSSISSIPPI  STATE  COLIEGE 

A  Symposium  of  the  physical  sciences  and  engineering  was  held  at  Mississippi 
State  College  on  April  2U  and  ?5,  19^3,   during  which  time  representatives  of 
industrjr  and  scientific  education  met  to  discuss  the  complementary  nature  of 
academ.ic  and  industrial  research,  to  report  on  progress  in  their  individual  fields 
and  to  pose  challenging  unanswered  questxons  to  the  students  and  researchers  com- 
prising  their  audience. 

To  open  the  progran  the  noted  concert  pianist  and  professor  of  music  at  Y(±s- 
f\%     consin,  Gunnar  Johansen,  playedaninpi'ovisation  of  a  theme  on  Leonardo  da  Vinci  to 
I  sym.bolize  the  spirit  of  adventure  and  vision  necessary  for  scientific  advancement, 
,^  Improvisation,  ?.ir.  Johansen  explained,  was  advocated  by  the  great  Renaissance 
T  Scholar  and  artist  at  a  time  when  blind  acceptance  of  Tirhat  had  been  written  by  the 
-^  sages  of  antiquity  stifled  originality  in  musical  composition  as  well  as  scientific 
-  progress.  Mr,  Johansen  also  played  an  ancient  Augustinian  chant  and  a  selection 

V 

■  ^ 

j  from  Johann  Sebastian  Bach  in  order  to  illustrate,  on  the  other  hand,  the  eternal 

verity  of  mathematic  precision,  in  the  first  case  in  the  production  of  a  simple 

j_   theme,  in  the  latter  in  the  production  of  a  complex  structuj'e  of  themes, 

_       The  distinguished  Speakers  of  the  sj^nposium  followed  Mr.  Johansen 's  musical 

introduction.  They  included  Dr.  A.  E.  Ruark  of  the  i-hj^sics  Department  at  the 

Ifciversity  of  Alabama;  Dean  Q.  A.  Garratt  of  the  School  of  Forestry  at  Tale;  Dr, 

^   Frank  J,  Soday,  who  is  Director  of  Research  at  the  Chemstrand  Corporation  of 
i 

^   Decatur,  Alabama;  Dr.  F.  0.  Ringleb,  who  is  a  staff  mathematician  of  the  U,  3» 
CS 
i   Naval  Aircraft  Factory  and  a  Consultant  to  Princeton  IJniversity;  Mr.  H.  N.  Müller, 

-^ 

Assistant  to  the  Vice-President  in  Charge  of  Engineering  at  lYestinghouse;  Dr.  Paul 

E.  Klopsteg,  Associate  Director  of  the  National  Science  Foundation  in  ';Tashington, 
D.  C;  Mr.  Mace  H.  Bell,  Assistant  Director  of  Engineering  at  the  American 
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Institute  of  Steel  Construction,  Inc.,  New  York,  New  York;  Mr.  Kenneth  R,  Daniel, 
•who  is  General  Chief  Engineer  of  the  American  Gast  Iron  Pipe  Gompany  of  Birmingham; 
and  Mro  Grover  Loening,  Aviation  Consultant  at  MillNeck,  New  York,  who  is  one  of 
the  fathers  of  powered  flight« 

The  opening  session  on  Friday  moming  was  presided  over  by  Dr.  Harold  vNo 
Flinsch,  and  guests  and  Speakers  vrere  welcomed  by  Mr.  Ben  Hilbun,  Acting  President 
of  Mississippi  State  College,  Speakers  of  the  afternoon  were  introduced  by  Drs 
M,  P.  Etheredge,  Dean  of  the  School  of  Science,  who  also  presented  Dr.  Klopsteg, 
the  dinner  Speaker  for  the  eveningo  Saturday's  program  vras  presided  over  by  Dr. 
Herbert  Drennon,  Dean  of  the  College  and  the  Graduate  School. 

The  committee  responsible  for  the  Symposium  v/as  com.posed  of  the  following 
members:  Dr.  August  Raspet,  Chairman,  from  the  Department  of  Aerophysics; 
Professor  Robert  T»  Clapp  of  the  Forestry  Department;  Dr.  Paul  H.  Dünn  of  the 
Geology  Department;  Professor  Mathew  L.  Freeman  of  Engineering;  Dr„  li,  P,  Etheredge," 
a  member  of  the  Chemistry  Department  and  Dean  of  the  School  of  Science;  Dro  Arnold 
J.  Gully  of  Chemical  Engineering;  and  Et»  M  Eo  Kovrell  of  the  Physics  Department» 
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PSISIC5  AND  MATIONAI,  PR0SPERIT7 
By  Bto  A,   Eo  Ruark 
MTe  Ghairnarij  Ladies  and  GentlP'nP"? 

Let  me  offer  congrat\ilations    to  the  faculty  and  the  officers  of  Mississippi 
State  College  on  this    anniversaxy©     No  man     Dan  fully  appreciate  the  tremendous 
power  of  a  College  er  university  because  its  influence  goes  out  in  many  directionsj, 
through  many  pecple^,   but  we  know  that  the  pro  gras  s  of  a  whole  area  may  depend  greatly 
on  the  vigor  and  the  progressire  spirit  of  the  institutions  of  higher  learning  in 
that  area^ 

Therefore  ib  is  natural  thafc  the  chief  topic  of  this  celebration  is  research» 
We  know  tnat  a  College  imist  manufacture  knowledgej,  not  merely  disseminate  knowledge, 
in  order  to   do  its  füll  duty  to  the  people  who  sapport  it»     We  know  that  most  of  the 
great  advancss  in  ssience  and  technology  have  been  bom  in  the  seats  of  higher  learning» 
For  this  reason^  rtQf  talk  today  mll  deal  with  the  far~reaching  consequences  of  fundamental 
researchj   and  since  I  am  a  physicist^  the  illustrations  will  come  mostly  from  the  field 
of  physicso     KeverthelesSj,  the  points  we  shall  cover  are  general  oneSj  applsring  to  all 
the  fundamental  scienceso 

1"     '^he  Importanee  of  F^damental  Science  in  Our  Econongo 

Withia  the  lives  of  people  in  this  roomg  the  power  of  scienee  has  increased 
until  today  it  is  the  all^important  social  forceo     The  actions  of  statesraen^  of  business 
leaders  and  leader«  in  agriciil'.turej   are^  in  the  long  run^   determined  by  the  status  of 
OUT  technology  and  our  scientific  knowledge©     For  examplec,  there  could  be  no  rational 
program  of  public  health  administration|,  no  rational  control  of  our  water  and  milk 
suppliesp  'without  the  knowledge  supplied  ty  chemists  and  bacteriologis  t  s,  knowledge 
basedon  patient  inTestigations  in  the  laboratory^   extending  over  several  decadeso 
There  could  be  no  rational  planning  of  world  girdling  coinraunication  Systems^  without 
the  scientific  knowledge  of  electricity  and  its  control^  worked  out  in  physical 
laboratories  over  the  past  one  himdi'ed  and  fifty  yearso 

Beneath  every  great  advance  in  technology  there  flows  a  deep  quiet  current  of 

scientific  advance^   determining  the  nature  of  our  technology  and  the  actual  condiict 
of  our  liveso 
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In  speaking  to  you  about  Physics  and  National  Prosperityj   I  shall  have  to  define 
my  terms 8     By  prosperity  I  do  not  mean  füll  pocket  and  füll  pauncheso     We  know  there 
would  be  plenty  of  goods  for  all  if  dut  social  institutions  were  so  developed  that 
each  one  could  get  his  reasonable  shareo     By  prosperity  I  mean  the  good  life  in  its 
totality,     The  word  includes  both  material  and  intellectual  prosperity»     It  includes 
a  satisfactory  understanding  of  the  nature  of  our  physical  world  and  of  our  proper 
relations  with  our  fellow  men»     The  time  has  long  gone  by  -when  a  man  can  call  himself 
educated  if  he  has  merely  some  knowledge  of  literature,  history,  political  science, 
jurisprudence  and  the  world" s  religionso     Today  something  raore  is  necessaiyo     Today 
a  man  is  illiterate  if  he  does  not  have  some  knowledge  of  raathematics,  of  each  of 
the  great  fundamental  sciences^   and  of  the  main  currents  in  industry  and  technologyo 
A  man  without  these  accoraplishraents  is  no  better  than  a  Greeko     He  is  living  in 
the  ancient  world^   and  not  the  twentieth  centuryo     In  the  near  future^  nay  even  now, 
the  real  prosperity  of  a  nation  will  be  judged  not  by  production  figures  on  meat 
and  housing  and  clothingj   but  by  the  general  status  of  its  education,  its  laboratories, 
and  its  cultural  and  intellectual  activitieso  Of  course^,   a  certain  measure  of 
physical  comfort  is  essential  to  the  proper  developraent  of  the  more  enduring  intel- 
lectual satisfactionsj,  but  we  raiist  recognise  that  the  battle  against  poverty,  the 
battle  for  release  from  heavy  physical  toil^   is  fast  being  wono     And  it  is  being 
won  because  of  mass  production^  because  of  electi-ic  power^  because  of  a  host  of 
progressive  industriesj   based  on  sound  technology,  which  in  tum  is  based  on  sound 
scienceo 

And  now  a  word  about  the  part  played  by  physics o     I  shall  define  physics  as 
the  bocfy  of  fundamental^    general  facts  about  matter  and  radiation,  which  underlies 
all  the  other  material  sciences»     Aecording  to  this   definition,  physics  includes 
large  parts  of  matheraaticso   Physics  is  the  central  core  of  every  material  science, 
the  binding  force  which  holds  the  whole  elaborate  business  togethero     In  saying  this, 
I  mean  to  eraphasize  the  essential  kinship  of  all  sciences,   and  of  all  scientists.     I 

do  not     know  where  physics  leaves  off  and  chemistry  beginso     The  same  holds  true  for 
geology,  biology,  medical  science  and  engineering» 
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It  is  natural  and  understandable  that  in  the  industrial  exploitation  of  natural 
resources  and  natural  forcesj,   chemistry  and  geology  and  applied  biology  achieved 
many  of  their  triumphs  before  physics  could  pile  up  a  creditable  record  of  achievemento 
But  in  the  more  recent  stages  of  the  industrial  revolutionj  the  foundations  for 
great  new  Industries  have  been  provided  increasingly  by  physical  discoveriese     To 
show  thisj,   I  shall  give  a  few  illustrationso 

The  development  of  the  electrical  industry  comes  from  the  discovery  of  electro- 
magnetic  induction  by  Henry  and  by  Faradayo     The  telegraph  and  the  telephone^  the 
vacuum  tube  and  the  transistorc,   all  corae  from  the  activities  of  physicists«     The 
same  is  tnie  of  the  entire  art  of  radio  coramunicationj,  whose  foundations  were  laid 
by  Maxwell  and  Hertz o     X»rays  and  radioactivity  came  from  the  hands  of  men  'who  were 
stui^ring  physical  phenomena  for  their  own  sake  and  not  in  the  hope  of  financial 
rewardo 

To  give  another  Illustration^  World  War  I  is  often  described  as  a  chemist's 
war^   and  World  War  II  as  a  physicisfs  war^     There  is  a  great  deal  of  truth  to  thiso 
While  the  actual  business  of  making  the  ships  and  the  weapons  was  a  mighty  achieve~ 
ment  of  American  industry 5,  the  physicists  called  the  tune  in  World  War  IIo     They 
really  decided  vjhat  weapons  would  be  producedo 

People  were  greatly  impressed  by  the  atom  bomb^  which  provided  a  sour  end- 
ing  to  a  very  sour  experience  for  the  human  race»     Largely  because  of  the  A^bombj 
and  because  of  the  controversies  OTer  werk  on  the  hydrogen  bombj  people  have  come 
to   expect  that  whatever  happens,  the  physicists  and  the  chemists  will  rub  some 
kind  of  Aladdin's  larap  and  conjure  up  a  flock  of  powerful  genies^  to  protect  Western 
civilization  and  to  preserve  the  institutions  of  freedom  throughout  the  worldo     For 
two  good  reasonSß  this  is  a  false  expectatione     First  of  all,  the  physicists  of 
America  have  no  monopoly  on  natural  forceso     Physicists  an3rwhere  can  make  the  atom 
bombj   as  we  learned  in  19li9o     Secondly,  the  prospect  for  providing  great  new  industries^ 
or  wholly  new  classes  of  weapons^  through  exploitation  of  known  physical  facts,  is 
rather  bleako     We  have  told  you  all  we  know|  we  have  shown  you  all  our  tricks j  we 


have  given  you  all  the  bread.,  and  now  the  cupboard  is  bare«     If  you  want  a  new  weapon, 
you  will  have  to  go  to  the  experts  in  biological  warfarej— assuming  that  you  cs.n  find 
anyone  who  is  really  an  expert  in  this  new  and  untried  field»     If  you  thought  that  this 
talk  would  be  a  commercial  plug  for  having  more  physicists  in  industry^,  please  get  rea<fy 
to  change  your  mindso     Wiy  should  the  physicists  advertise^  when  there  are  five  Jobs  at 
higher  salaries  waiting  for  everyone  of  ust      The  real  problem  is  to  provide  enough 
fully-trained  physicists  to  meet  the  needs  of  the  countryo     Only  the  Colleges  and 
universities  can   (to  thiso     Rirthermorej,  there  is  a  limit  to  the  number  of  suitable 
catndidates  for  advanced  degrees  in  physics^  a  limit  to  the  number  of  young  men  who  can 
stand  this  traininge     Modem  physics  is  a  man-killing^   competitive  profession»     Only 
roughnecks  with  streng  backs  and  giant  brains  should  enter  physics o 

Fürth ermore^  physicists  of  the  better  elasses  do  not  want  to  work  on  minor  detail s 
of  the  arms  programo     They  want  to  work  on  fundamentals,  because  the  fundamentals  have 
been  relatively  neglected  for  the  past  few  years»     Our  best  contributions  to  the  ultimate 
good  of  America  will  come  from  putting  more  emphasis  on  fundamental  research»  '■ 

There  are  still  great  domains  of  ignorance  to  conquerj,   in  which  the  Services  of 
physicists  are  needed  at  every  step,     Let  me  illustrate« 

The  prodLiction  of  nuclear  power  is  one  of  these  domainso 

The  utilization  of  physical  techniques  and  principles  in  cheraistryj  biology  and 
medicine  is  another» 

I  shall  not  elaborate  on  the  great  problems  which  confront  us  in  understandLng 
the  fundamental  particleSj,  namelyj,  the  electron^  the  proton,  the  neutron  and  all  their 
Cousins o 

Looking  aside  from  this  great  field^  we  may  expect  striking  advance  in  the  closely 
related  subjects  of  biophysics  and  biocheraistryo     This  is  true  largely  because  the 
development  of  plentiful  supplies  of  radioactive  isotopes  at  Oak  Ridge  gives  the  scientis" 
a  raeans  for  looking  into  the  finer  details  of  life  processeso     We  may  expect  wholly  new 
developments  in  chemistryg   biology^  agriculture  and  medical  science  as  a  result  of 
research  with  these  powerful  toolso     The  radioactive  tracer  substances  corae  to  us  as 
^  by-pro duct  of  the  discovery  of  uranium  fission»     In  the  long  run^  the  significance 
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of  uranium  fission  will  lie  not  in  the  production  of  weapons,  but  in  the  understanding 
of  atomsj  moleculesj,  and  living  organismSo 

2e  Support  for  Fundamental  Science o 

New  let  US  turn  to  the  matter  of  support  for  fundamental  research»  You  may  be 
surprised  that  I  am  worried  about  the  status  of  this  support  vjhen  we  know  that  the 
amount  of  such  research  is  considerably  greater  in  the  postwar  period  than  it  was 
before  the  war«  The  trouble  is  thiso  While  more  people  are  at  work,  the  tasks  before 
US  are  now  much  broader©  Investigations  are  steadily  becoming  more  difficult  and  more 
expensive  in  many  fields  of  physics»  The  disturbing  fact  is  the  small  fraction  of  the 
total  support  which  goes  into  fandamaital  researcho 

^■^)  ^^port  of  the  Steelman  Committeeo 

Late  in  19h7   the  President  "s  Scientific  Research  Board^  usually  called  the 

Steelman  Committee,  made  its  reporto  This  was  the  most  complete  atterapt  to  survey 

American  research  which  has  ever  been  undertaken«  Let  us  see  what  the  Steelman 

Committee  saido  Table  I  shows  the  approximate  funds  devoted  to  basic  research  and 

to  applied  research  and  developmento 

TABLE  lo  THE  NATIONAL  RESEARCH  AN3  DEVELOPMENT  BUDGET  »  19h7 c 

In  Millions  of  Dollars 

Expenditures  of  I9h7 t 
Applied 
Basic             Research  and 
Res  earch  Development 


Agency 

Total 

i-otai  0  o  o  o  o 

$15160 

Federal  GoTernmento 

„       625 

War  and  Navy  o  o  o « « . 

0       500 

UXpXISjtS      ooo»oooo»«oo 

0       125 

Industry  ooooo .  <> . . . 

.      li5o 

University  o » o » « . . , 

W 

utner  ooooooooooooo 

liO 

$110 
55 
35 
20 
10 

35 
10 


$1,050 
570 
h6^ 
105 
hliO 
10 
30 


According  to  Table  I^  a  billion  dollars  a  year  was  at  work  in  19hl o     This  is  about 
one"»half  percent  of  our  national  income»     The  points  to  notice  arej  about  one-half  the 
total  is  represented  by  Federal  support  of  research,   and  four-fifths  of  this  half  was 
devoted  to  research  of  the  armed  serviceso     While  the  old^line  govemment  laboratories, 
outside  the  armed  Services,  expanded  during  the  war,  their  share  was  only  a  fifth  of 


^6= 
the  Federal  research  budget  in  IShl'o 

The  expenditure  of  govemment  was  believed  to  outwelgh  the  entire  effort  of  industryc 
Of  coursej  that  depends  on  how  you  define  research^,   developmentj  and  testingo     These 
figures  are  just  the  best  guess  the  Committee  could  make^   after  stucfy  of  available  factso 
Notice  now  a  significant  facto     The  expenditures  by  universitiesj   foimdations  and  state 
govemments  are  so  small  that  they  are  almost  lost  in  Table  lo 

Observe^   also^  the  relatively  small  part^  about  ten  percent  of  the  ■whole,  whlch 
is  spent  on  basic  research» 

The  government  laboratories  cannot  handle  the  Jobs  to  be  doneo     More  than  two~ 
thirds  of  the  Federal  funds  are  spent  through  industry  and  through  universities« 

The  Steelman  report  clearly  states  a  fact  we  all  know,,  that  support  ftom  foiindations 
and  rieh  men  is  on  the  wance     The  tax  collector  sees  to  thatj,   and  inflation  has  killed 
the  dollare 

Government  support  for  research  in  the  universities  falls  into  two  broad  classes, 
»■-grants  and  contractso 

The  nuiriber  of  agencies  with  contracting  authority  in  the  f ields  of  development 
and  research  is  largeo     I  have  a  list  of  about  kO^  and  know  that  it  is  not  completeo 
The  Office  of  Naval  Research  has  been  closely  concerned  -with  the  support  of  research 
in  a  variety  of  fieldse     Now  the  Arny  is  dcing  the  sarae  through  its  Office  of  Ordnance 
Research^  and  the  Air  Force  has  a  soniewhat  similar  program<,     Plindamental  research  in 
the  universities  would  be  in  sad  shape  Tfdthout  the  funds  provided  by  these  agencies, 
and  certainly  a  very  fine  job  has  been  doneo     The  original  theory^  when  the  Office  of 
Naval  Research  was  set  upj  was  that  it  would  give  a  shot  in  the  arm  to  university  research 
and  that  later  the  National  Science  Foundation  would  take  over  the  job  of  supporting 
basic  researchj,  leain-ng  the  armed  Services  with  their  proper  jcb  of  handLing  defense 
research»   It  did  not  quite  work  out  that  way,     There  was  difficulty  in  getting  suitable 
legislation  to  establish  the  National  Science  Foundation»     When  the  Foundation  was  set 
upj   Congress  proved  to  be  very  niggardly  in  appropriating  fundso     I  hope  that  Ur,  Klopsteg 
will  give  US  a  good  picture  of  the  Foundation' s  present  program  and  its  flnancial 
^  problemsj    during  the  course  of  these  meetingsj   so  I  shall  say  no  more  on  this  pointo 
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The  Steelman  Coiranittee  made  recoinmendations  for  a  National  prograra  of  research 
Support  in  19Ul o     The  recoinmendations  for  the  decade  19h7-19$7  are  shown  in  Table  II« 

TABLE  II,     THE  STEELMAN  RECOMMENmTIONSo 

(1)  Double  the  National  Research  Expenditure  Within  10  Tearso 

(2)  Triple  the  Funds  for  Health,  Medicineo 

(3)  Quadruple  Jlinds  for  Pundamental  Researcho 
ik)     National  Science  Foundationo 

(5)  Federal  Student  Aido 

(6)  Federal  Assistance  to  Universitieso 

(7)  Interagency  Committeeo 

(8)  Aid  to  ^ropean  Laboratories© 

The  first  point  calls  for  doubling  the  research  and  development  expenditure  of 
the  nation»     That  would  raake  it  two  billion  dollars»     As  a  matter  of  fact,   the  National 
Science  Foundation  has  just  reported  that  in  1952  the  total  was  2o2  billion  dollarso 
B7  195Ü  it  is  expected  to  be  slightly  higher»     How  did  they  get  this  factor  of  two? 
It  is  not  fully  justified  in  the  report.^   but  apparently  it  rests  on  manpower«     The 
Committee  knew  that  existing  problems  outrun  the  capacity  of  our  current   stock  of 
research  and  developmait  peoplec,   estimated  at  lljOjOOO  soulso     They  knew  that  training 
scientific  manpower  is  slow  bisinesso     They  knew  that  Hassia  kept  its  students  and 
Professors  in  the  schools  and  laboratories  daring  World  War  IIo     In  the  Steelman  report 
the  hope  was  expressed  that  we  could  double  our  research  manpower  by  1957 <> 

The  plan  calls  for  tripling  the  funds  devoted  to  health  and  medicine  in  five  yearso 
Also,  it  calls  for  quadrupling  the  fünds  for  fundamental  research»     Good|  but  maybe  it 
Is  not  enoughe 

The  fifth  point  calls  for  Federal  assistance  to  science  students»     Those  who  have 
taken  part  in  govemment  programs  of  Instruction  will  appreciate  the  controversial 
nature  of  this  item» 

Point  six  calls  for  Federal  assistance  to  provide  for  laboratories,  and  scientific 
equipment  used  in  teaching»     This  would  involve  another  surrender  of  states  rights 
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and  local  rights <, 

The  raain  point  I  want  to  make  is  that  out  of  all  this  great  expenditiire  tbe 
ftr-action  earmarked  for  research  of  the  pure  and  pioneering  type  is  relatively  small« 
I  do  not  have  an  up-to-date  figare^  but  believe  it  is  practically  certain  that  this 
fraction  is  snialler  than  it  was  in  19h7»  when  the  figure  stood  at  about  ten  percent« 
It  is  only  this  ten  percent  fi*om  which  you  can  expect  great  new  results« 

We  can  be  quite  sure  that  a  great  many  physicists  will  play  their  parts  in 
rendering  useful  practical  Services  to  industrj'-  and  to  govemmento     All  the  economic 
factors  work  in  that  directiono     However,  any  really  big  advances  in  fundamental 
physics  will  have  to  come  out  of  studies  which  do  not  appear  at  the  moment  to  be 
of  any  practical  value«     The  National  Science  Foundation  is  set  up  for  exactly  this 
purposBj  to  try  to  insure  a  flow  of  new  unexpected  results,   but  its  activity  alone 
will  not  suffice  to  insure  that  physics  and  its  sister  sciences  continue  to  make 
important  contrlbutions  to  national  welfare»     We  must  not  look  to  Washington  for 
everythingo     The  basic  support  of  imiversity  research  has  always  been  provided  by    " 
the  universities  themselveso     The  amount  of  that  support  has  been  pitifully  small 
in  many  instanceso     Many  of  the  greatest  discoveries  which  adom  the  annals  of  <■ 

Science  have  been  made  >ri.th  meager  funds  and  facilities«  At  the  present  time  there 
is  a  Job  to  be  done  in  enlisting  better  support  of  scientific  research  h^'  the  indi= 
vidaal  stateso     This  is  a  matter  of  high  importanceo 

In  closing,   let  me  s'JBimarize  the  situationo     It  is  not  possible  to  order  from 
a  physicistg   er  any  other  scientist^  a  discovery  that  will  significantly  increase 
prosperityo     You  cannot  order  discoveries  as  you  order  articles  in  a  störe»     This 
is  the  ultimate  justification  of  long-haired  acaderaic  researcho     Professors  and 
students  have  to   be  allowed  to  play  siroiindo     There  must  be  time  to  think,  time  to 
play  in  the  laboratory»  Only  in  this  way  do  unexpected  and  truly  valuable  fruits 
eraerge,  to  increase  the  weal  of  the  nation»     Research  is  just  another  word  for  making 
something  out  of  nothingo     Let  us  work  it  to  the  liraito 

Let  me  illustrate  this  with  a  little  story  about  John  Do  Rockefeller,  Senior. 


When  John  k^s  a  littlc  bcjr^    a  seller  of     ••-.tcn'L  liicdiclno  cir'e  to  to'v'n  in  a  hi-;  cov:.rcd 
wagon.      He  was   sel;.in?::  nis  raeclici.ne  ,?rcin  the  t.'iili:'oard  of  the  T-7a,r-(^n,   and  'Jiubl.s  Jcbn 
■;-:;j,s  in  the  audience.      Every  once  in  a  Tjiri.lOj   tc  keep  up  inttirer-t  and.  drar  tho  cro^.'d, 
the  ruecii.cinG  riiaa  i.'culri  auctl.on  soncthing  ofC.     He  aaid^ ''r!oT',    ,f;Gntlei:'e;i,   vh  ri"!l 
aucticn  this  brand-nci-J   dcll:.r   bil  ]  .     IvJiat  an  I   oid?     l'ho  i:ill  bid  a  quartcrV'      bot 
a  iTiari  ansFcrcd.      Everj^bodj"  was   a.fraid  the   dollar  bill  was   c-untcr  "eit .      Each  t:ou1g 
nudge  bis  neighbor  and  sscy,    "loi;.  bid^   bill.."   "No^   you  bid,   Jim,      I'    m  not  di'rn 
fool   snoiigh  to   bid."     Finallj'-,    Httle  John    •  .    I'ocke."e'',ler  ;■;  cbo  up,      "I  ':-i''  a  nicbel^ 
sirJ'      'b/ine^ "    sai.d  tho  mcdicine  na.n.      "^"ly   will   bottor  this  little   boy's   bid? 
Sarelj  ycu   are   not   going  to   let  this  little   bo-^'  tabc  a'-ray  this  '"ine   dollar  bil.l    ■ 
for  0.  iiieasly  five   co-ats?"     But  the   croKd  i-rould  not   bid_,    and  the   dollar  uent  to 
John^    "Going,   going,    goncl  Rere's  jovr  dollar  bill,   can.     bbcre  is  your  nickol?" 
Little  John  ;iasxjcred,    "Plea.se  ta'-s  it  oirb  ob  the   cbllar,    sir;" 
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PR0GRES5  IN  TOREST  UTILIZATIOW;- 


By  George  A„    Garratt 
Dearij,  School  of  Forestry^   Yale  University 

For  more  than  three  centuries^  tlie  products  of  our  forests  have  played  a 
major  role  in  housing  the  American  nation  and  in  meeting  the  countr3'''s   expanding 
industrial  requirementso     Despite  the  intensified  present-day  competition  of 
concrete^    steel^   aluminum,   plastica,   and  a  variety  of  other  materials,   lumber 
still  finds  widespread  application  in  residential,    farm,  and  industrial  construction, 
and  in  the  manufacture  of  shipping  Containers,    fumiture,   flooring,  millwcrk, 
pattems,   handles^   and  an  extensive  list  of  other   secondary  products»     As  the 
outstanding  primary  forest  product,   lumber  accounted  for  63  per  cent   of  the  more 
than  12  billion  cubic  feet  of  timber  cut  for  conversion  to   commodities  in  19^0» 
Pulpwood  absorbed  lU  per  cent  of  the  timber  cut,   fuelwood  11  per  cent  and  veneer 
logs   h  per  cent,   while  the  remaining  8  per  cent  was  represented  by  such  items 
as  hewed  railroad  ties;   poles,   posts,   piling,   and  mlne  tirabersj   and  logs,    bolts, 
and  cordwood  for  manufacture  to   diversified  productso      In  all,  there  are  sorae- 
50jC00  tc   60,C00   saxflnills,   approximately  6^0  veneer  and  plyiTOod  plants,   and  about 
200  pulp  mills  in   Operation  in  the  United  States,   supplemented  by  an  even  greater 
number  of  secondary  manufacturing  units   that  utilize  the  products   of  these  primary 
mills o      These   primary  and  secondary  m.anufacturing  plants  are  estimated  to   prodace 
goods  id.th  a  gross   annual  value  in   excess   of  l5  billion   dollars,   and  to  provide 
direct   and  indirect   employment  for  over  3  million  peoplec  ' 

The  commodities   derived  from  its  forests  are  a  vital  part  of  the  economy  of 
the  South,   producing  an  annual  income  of  2o3  billion  dollars,    or  7   per   cent  of  the 
total  income  of  the  region   derived  from  other  than  govemment  payments»      Of  all 
of  the   southem   states,  Mississippi   depends  most  heavily  on  its  forest  resource,  mth 


•»■     A  paper  presented  at  the  Research  Symposium  com^emorating  the  Seventy-fifth 
Anniversary  of  Mississippi  State  College,  April  2k,   19^3« 
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23  per  Cent  of  the  19h6  income  of  its  2,100,000  people  derived  frora  raw  timber 
pro du et s  and  their  further  manufacture. 

The  South  has  maintained  a  prominent  position  in  American  lumber  production 
throughout  the  present  Century,  the  latest  available  statistics   (l9lt7)   indicating 
the  regional  production  as  almost   37  per  cent  of  the  national  total,   as   compared 
with  \x(^  per  cent  for  the  westem  stateso     Even  more   significant  is  the  South' s 
contribution  to  American  pulpwood  production.     In  19^1»  this  reached  an  all-time 
high  of  lij.  million  cords,   or  56  per  cent  of  all  the  pulpwood  cut  in  the  United 
States,   and  accounted  for  l8  per  cent  of  the  total  wood  volume  removed  from  the 
southem  forests.     The  outstanding  groirJth  of  the  pulp  and  paper  industry  in  the 
South  is  revealed  by  statistics  on   daily  capacity,  which  increased  from  about 
5,000  tons  in  1936  to  almost  23,000  tons  in  1950,  with  a  further  expansion  of 
6,000  tons  of  pulping  capacity  under  consideration. 

Nature  of  the  Timber  Resource 

While  our  forests  represent  our  nation's  one  great  renewable  resource,  three 
centuries  of  progressive  exploitation  have  taken  their  toll  in  decfeasing  the  amount 
and  altering  the  character  of  our  timber  supply.     The  commercial  forest  land  has 
shrunk  to  about  two-thirds  of  its  original  area,   and  the  amount  of   sawtimber  to 
one-third  of  its   earlier  volume,   as  the  original  old-growth  (virgin)  forest  has 
been  largely  replaced  by  second-groiArbh  Stands.     Today,  more  than  half  of  our  estimated 
sa-wtimber  volume  of  1,600  billion  board  feet  is  concentrated  in  about  h5  million 
acres  of  virgin   forest,   chiefly  in  the  West,   a  fact  which  focuses  attention  on  the 
relatively  small   size  and  low  volume  of  sawtimber   on  the  second-growth  areas 
occupylng  nine  times  the  old-growth  acreage. 

This  general  transition  from  an  old-growth  to  a  second-gro'urbh  forest   economy 
has  been  accompanied  by  a  deterioration  of  the  residual  timber  Stands,   as  the 
result  of  poor  cutting  practices  and  of  destruction  by  fire,   insects,   disease, 
and  other  natural  agencies.     These  have  combined  to  leave  some  areas  with  few. 
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if  any,  trees  of  consequence,   but  many  more  Stands  xjith  an  excess  of  young  trees 
and  a  predcminance  of  loi-j-grade  timber  and  less  desirable  species  in  the  saijtimber 
classo     In  manj  areas,  also^   the  proportion  of  hardwood  species  is  continually 
increasing  at   the   expense  of   the   currently  raore  valuable   softwoods.     Recent  Forest 
SurYsy  figures  for  Mississippi,   for  example,  indicate  that  _kO  per  cent  of  the  saij- 
timber  stands  in  the   state  contain  only  timber  of  the  lowest  gradej   of  a  total  of 
17  billion  board  feet  of  hardwood  savitimber ,   65  per  cent  is  in  grade  3  logs, 

As   a  consequence  of  this   change  in  the  timber  resource,   a  large     propcrt.ion 
of  our  forest  industries   is     today  faced  x^ith  shortages  of  the   size,    qualitj?-,   and 
kind  of  timber  which  they  wäre   designed  to  use  and  which  some  of  them  must  have 
if  they  are  to   survive.      These   shortages  are  frequently  intensifled  by  the  increased 
competition  among  the  various  primary  forest  industries   for  supplies  cf  available 
tiitiber,   and  especially  by  the   concentrated  e>'4)loitätion  of  favorei  species;   in 
more  than  a   few  sections  the  problem  cf  raw-material   supply  has  been  made  especially 
acute  by  the  Installation  of  more   sa^i-nnllls   and  cther  xrood-processing  facilities 
than  the   forests      can   acA.-antageously  support«,      In  many  areasj   of  which  Mississippi 
may  be  ta.ken  as  an  example,   sustained  harvesting  j^    timber  has  been  acccmplisned 
only  by  increased  U3fc  of  less  desirable  species  aua  loX'Jer  quality  and  smaller 
treesj   and  by  increased  production  of  pulpwood  and  perhaps  üX-her  products  wLth 
less  exacting  raw-material  requirem.ents.  ..  -      ,..  ....  ..-..,    ... 

The  transition  from  virgin  forest  to  second  grovrth  has  been  accom.panied  by 
a   distinct   shift  in   size  of   sai-imills  and  certain  othar  facilities   processing  forest 
products o      With  certain  notable  exceptlons^    the  large  mills,  which  formerly  dominated 
ths  luraber-production  field,   have  generally  given  x^^ay  to   small  mills,   better 
adapted  to  harvesting  the  prevailing   small  timber  and  light   stands,   and  the  remnants 
of   denser  st3.nds,    all   too  limited  in  timber  volume  to  m.eet   the  requirements   for 
economic  Operation   of  more   sizable  plants»      Statistics   indicate  that   3m.all  to 
moderat e-sized  sawmills   (cutting  less  than  5  million  board  feet  per  year)   constituted 
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almost  98  per  cent  of  the  total  number  of  rnills  operating  in  the  United  States  in 
19h7 ,  and  produced  slightly  more  than  $0  per  cent  of  the  lumber  cut  for  that  year. 
By  way  of  contrast,   in  1929^   mills  of  these  same   size  classes,  while  comprising 
9h  per  cent  of  the  total  operating  Units,  accounted  for  only  about  one-f ourth  of 
the  U.  S,    lumber  production, 

The  portable  mills,   which  prevail  throughout  most  of  the  eastem  two-thirds 
of  the  United  States  and  which  generally  saw  out  less  than  one  million  feet  per 
year   (^,000  feet  per  day),   present  a  special  problem.     3uch  units  either  commonly     ' 
saw  for  a  restricted  crosstie  or  dimension  market  with  resultant  waste  of  timber, 
or  they  produce  chiefly  rough  lumber  which  all  too   often  is  a  low-quality  product, 
poorly  manufactured,   improperly  seasoned,  and  inadequately  graded,  and  marketed 
locally  at  a  distinct  competitive  disadvantage  with  lumber  manufactured  at  larger 
mills. 

Still  another  significant  change  accompanying  the  general  shift  from  an 
old-growth  to  a  second-growth  economy  has  been  noted  in  the  pattem  of  ownership 
of  commercial  forest  land,  with  farraers  and  other  sraall  landowiers   dominating  the 
Situation,     '>ftile  approximately  three-fourths  of  our  I|60,000,000  acres  of  commercial 
forest  land  is  privately  owned,   it  is  held  for  the  most  part  in  relatively  small 
blocks  of   less  than  5*000  acres c      Estimates  for  19hS  indicated  that  three-fourths 
of  the  private  commercial  forest  land  in  the  United  States  was  then  in  such  small 
ownerships,   with  an  average  of  62  acres  per  holding  for  an  estimated  four  million 
owners.      Farm,  woodlands  throughout  the   eastem  half  of  the  United  States  constitute 
about  liO  per  cent  of  the  total  private  land,   and  practically  the  same  amount  of 
timberland  is  in  the  possession  of  about  a  million  small,  nonfarm  owners.     Even 
in  Washington  and  Oregon,   which  in  19li7  produced  30  per  cent  of  the  nation's 
lumber  cut,   tracts  of  less  than  5,000  acres  account  for  almost  6O  per  cent  of  the 
forest  lands  in  private  ownership.     Such  small  holdings  present  a  difficult 
utilization  problem,  because  the  relatively  small  volume  of  merchantable  timber 
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in  each  block  tends  to   discourage  conservative  harvesting  practices» 

Of  interest,   in  connection  with  this  problem  of  size  of   timberland  holdings, 
is  a  19h9  survey  of  small  woodland  oDmers  in  New  England,  made  to    determine  their 
occupaticns   and  reasons   lor  holding  forest   lando      It  was  revealed  not   only  that 
96  per  Cent  of  the  ovmers  covered  in  the  survey  liad  occupations  that   did  not 
involve  the  iise  of  their  woodlands  for  timber  production,  but  that  half  of  the 
properties    (representing  1|0  per  cent  of  the  acreage)  were  held  for   reasons  other 
than  the  value  of  the  timber  they  contained» 

Forest  utilization  in  the  United  3tates  is  notoriously  wasteful  of  raw 
materialj   it  being   estiraated  that   only  k3  per   cent  by  weight  of  our  timber  harvest 
is   ccnverted  into  usable  products,    other  than  fuel»      Under  existing  utilization 
practices,    35  per  cent  of  the  original  uood  finis  no  use  whatsoever  and  the 
remaining  22  per  cent  is  bumed  for   fuelo     Non-ccnverted  ■wood  in  19'4li  >Jas  estiraated 
at     abcut  109  raillion  tons_,    of  which  US  per  cent  represented  logs  and  other  items 
left  in  the  woods  after  logging^    Iil  per  cent   ca.me  from  primary  manufacturing,   8 
per  cent   froni  pulping.,   and  6  per  cent  from  secondary  manufacturing  Operations» 
The  actual  amount  of  residual  raaterialj   or  waste,   naturaily  varies  iiith  the 
industry,   ranging  from  very  slight  in  the  productlon  of  such  products  as  roofing 
feit   (with  utilization   dovm  to   2-ineh  tops)   to   quite  high   in  the  wood-tuming 
industrjT-j    in  which  only  5  to  27  per   cent   of  the  cord  which   comes  out   of  the  woods 
finally  ends  up  in  toys,   handles  or   spcolso 

Various  uses  are  proposed  for  this  residual  materialj,   but   such  practical 
ILTiitations  as  the  labor   costs  involved  in  handling  the  woodj   transportation   costs 
where  it  is  necessary  to  move  the  material  any  distance  to   concentrate  it  at 
central   conversion  points^    equipment   costs,   and  other   economic  factors,   as  well 
as   technological  problems,    combine  to  restrict  the  application  of  many  of  them» 
Nevertheless,    definite  progress   is  being  raade  in  the  residual  utilization   field, 
fostered  by  the  good  markets  of  the  past   few  years   for  various  wood  an.l  pulp  products. 


A  conspicuous  example  of  effective  utilization  of  residual  raaterial  from  primary 
manufaeturing  plants  is  recorded  by  the  sulfate  palp  mllls  in  the  Pacific  North- 
west, which  derived  50  per  cent  of  their  19^1  wood  requirements  from  sawraill  waste 
and  an  additional  12  per  cent  from  pljrwood-plant  waste. 

The  Problems  of  present-day  forest  utilization  are  fundaraentally  economic. 
Their  Solution  is  associated  with  such  achievements  as  the  development  and  appropriate 
application  of  new  and  improved  methods  for  efficient  harvesting  and  processing 
of  the  kind,  size,  and  quality  of  timber  now  available,  including  the  present 
large  volume  of  logging  and  mill  residuals  or  waste,  Above  all  eise,  the  Solution 
of  these  problems  is  associated  with  the  development  of  adequate  markets  for  such 
conventional  and  new  products  as  can  be  derived  from  these  raw  materials.  To  be 
effective  and  realistic,  however,  these  development s  must  be  aimed  at  improving 
the  character  and  quality  of  the  timber  stand  and  effectively  rebuilding  our  timber 
resource,  fully  as  rauch  as  at  obtaining  needed  wood  volume. 

The  primary  purpose  of  this  paper  is  to  consider  a  limited  number  of  the 
more  recent  technological  advances  in  the  field  of  forest  utilization  and  to  point 
up  their  potential  contribution  to  the  Solution  of  our  present  forest ry  problem. 
Not  the  least  important  of  these  advances  are  those  which  can  make  effective  use 
of  previously  unwanted  species  and  unused  residual  raaterial« 

■  "^iniber  Harvesting  and  Processing 

The  lumber  and  associated  wood-using  indastries  have  been  faced  for  some 
years  with  certain  economic  and  technical  limitations  associated  with  such  factors 
as  inadequate  supplies  of  quality  timber,  high  wage  scales  and  shortages  of  skilled 
labor,  general  inefficiency  of  harvesting  and  milling  equipment  and  techniques, 
prevailing  lack  of  seasoning  facilities  and  shortcomings  of  grading  practices,  and 
inability  to  maintain  and  develop  suitable  and  profitable  product  outlets.  Purther- 
more,  the  predominant  small  independent  sawmills  and  other  individual  wood-using 
plants  in  most  sections  of  the  country  have  shown  general  inability  to  obtain  the 


-16- 

technical  Services  necessary  to     over-orae  the   existinj;  harvesting,   processing,   and 
inarketing  difficultiest,     In  reeent  years,  however,   and  particularly  since  the  war, 
some   of  the  larger  industrial  units  and  a  number  of  private  organizations  and  govemment. 
agencies  have  been  attacking  these  several  problems  on  a  cooperative  basiSj   and 
distinct   progress  is  being  raade  in  improving  timber  harvesting  and  the  processing 
of  livrricer  and  other  primai-y  and  secondary  wood  products.  '      ■    "        ■   '    '  ^       '    ' 

Developinents   in  Logging  "  "     ■     ' 

The  introduction  of  mechanical  equipment  in  woods  Operations  has  been  a 
significant   factor  in  increasing  labor  efficiency  and  thereby  making  econonically 
available  many  areas  that   could  not   be  logged  profitahljr  under   earlier  rnethods. 
The  flexibility  of  harvesting  Operations  has   been  notably  increased  by  tractor 
logging  and  truck  transportation,  which  have  raade  it   possible  to   operate  on  suhII    ' 
tracts  and  in  lightly  stocked  Stands«      The  ability  of  the   Operator  to  raake   frequent 
and  economical  moves  Täth  the  newer  mobile  equipment  has   definitely  increased  the 
opportunity  for  iitiliaation  of  timber  now  wasted  and  for  the  application   cf   gcod 
forestry  practices»     The  harvesting  of  small   second-groirth  timber  and  of  trees 
cut  in  thinning  Operations  has  been   facilitated  bj''  the  use  of  portable  po".--7er  sawsj 
special  Systems  for  bunching  and  sld.dding  tree-length  logSj   improved  loading  devices^ 
and  such  new  developments   as  pre-loading  of  trailers,   the  use   of   palletsj   and  bundling 
of  short-length  materialj    all   designed  to  increase  the   efricienc3^  cf  harvesting 
and  thereby  reducs  its   cost«  '       '      '  ' 

Developments   in  I'HHing. 

The  recogniaed  shcrtcomings  of  many  lumber-manufacturing  Operations^   and 
notably  of  the  portable  and  other  small   sawmillSj   have   emphasized  the  need  for 
improving  basic   sa-i-imill   design,    devising  more  adequate   sax-,imill  and  woodworking     • 
equipment j   revamping  processing  techniques^   and  training  good  sai-xmill  Operators« 
They  also   indicate  the  necessity  for  providing  adequate  facilities   for  proper 
seasoning,    finishing^    grading,   and  marketing  of  lumber,   if  not  at   individual 
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small  mills  at  least  at  concentration  yards  or  other  integrated  milling  units. 
Distinct  progress  Is  being  made  in  all  these  aspects  of  lumbering, 

A  notable  recent  development  in  the  production  of  lumber  is  the  barking  of 
logs  before  sawing,  to  provide  residual  material  suitable  for  direct  conversion 
to  bark-free  products.  The  slabs  and  edgings  obtained  from  unbarked  logs  find 
limited  use  for  remanufacture  into  such  items  as  diinension  stock,  box  boards, 
handle  stock,  and  dowels,  but  more  often  such  combinaticns  of  bark  and  xfood  are 
suitable  only  for  fuel  or  a  disposal  bonfire.   In  contrast,  bark-free  wood  is 
finding  increasing  use  as  a  source  of  chips  for  the  manufacture  of  pulp.  It  is 
also  stated  that  the  barking  of  sawlogs  has  been  found  to  increase  lumber  yields 
by  as  iTiuch  as  10  per  cent,  as  well  as  increasing  the  amount  of  top  quality  lumber 
obtained. 

Integrated  Utilization 

Increased  attention  is  being  devoted  to  integrated  utilization^  vihich  has 
as  its  objective  not  one-product  but  rather  multiple-product  harvesting  on  a  Single 
logging  Operation.   Under  such  a  system  the  individual  species  and  log  qualities 
being  harvested  are  distributed  among  the  Industries  concemed  on  the  basis  of 
suitability  for  most  eff ective  use.  Thus,  logging  is  carried  out  not  for  a  Single 
class  of  materialj  such  as  high=grade  veneer  logs,  but  also  for  the  purpose  of  obtain- 
ing  saw-logs,  turning  bolts,  pulpwoodp  or  other  products  for  which  there  is  a  continuous 
deraand.  Such  procedure  may  lead  to  definite  economics  in  the  logging  Operation  itself, 
as  well  as  eff ecting  more  complete  utilization  of  the  timber  stand  being  cut,  thereby 
bringing  greater  financial  return  to  both  the  landowier  and  the  Operator, 

A  recent  report*,  referring  to  conditions  in  Mississippi,  points  to  the 
opportunity  of  utilizing  for  pulpwood  the  tree  tops  commonly  left  in  the  wood^  in 
pine  sawlog  Operations,  it  is  estimated  that  a  year' s  accuniulation  of  usable  pine 

*  U,  3.  Tor est  Services  Mississippi  Forest  Resources  and  Industries,  Forest 
Resources  Report  No»  h,   19^1 
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tops  is   equi-ra.lent  to  about  20  per  cent  of  the  present  pulpwood  production  in  the 
State«     Hardwood  utilization  can  also  be  extended  by  integrating  the  harvesting  of 
sawlogs  and  veneer  logs  with  the  production  of  smaller  tie  logs  and  slack  cooperate 
boltso  .:    . 

Glued  Woo d  Products 

Outstanding  ainong  the  recent   development s   in  the  field  of  wood  use  have  been 
the  advances  made  in  the  production  of  a  wide  variety  of  glued-up  prodijcts,   includin^ 
laminated  forms  of  wood,   pl3rwood  in  flat   and  molded  forms,   and  composite  products^ 
such  as  **sandwich*'  materials  and  other  eombinations  involving  the  bonding  of   dense 
Woods,  metals,   or  other  materials  to  normal -wood  or  low  density  cores. 

Particular  significance  is  attached  to  recent    develop^-ents  in  the  field  of 
adhesivesj,   and  especially  to  the  introducticn  in  the  1930s  of  the  first  synthetic- 
resin  gluesj   xjhich  extended  the  practieal  use  of   glued-wood  products  to   outdoor 
and  other   exposed  situationso      World  War  II  was  marked  by  accelerated  improvements 
in  the  adhesives  fieldj   involving  the  application  of  the  original  phenol  and  urea 
glues  to  the  most   exacting  military  uses   (such  as   aircraft  and  na.val~craft   construct- 
ion)5   the  introduction  of  new  tj-pes  of  resin  adhesives  i-äth  varying  properties  and 
uses   (resorcinol^   phenoresorcinol,   and  melamine  glues)s   and  the  improvement  of 
tecbjiiques  for  applying  and  setting  the  adhesives,      Included  among  the  advances 
has  been  the   development   of  glues   for  bonding  wood  to   metal  and  to   various  plastic 
materials«      Continuing  research  is  aimed  at  the   development  of  universal  adhesives 
which  will  combine  quick-setting  properties  at  low  temperatures  mth  hig'h  strength 
and  water-prioof  features^   to  produce  low-cost  plywood  and  laminated  products   suit- 
able  for  interior  and  ext.erior  use  under  all  types  of   exp>osureo 
Laminated  Wood 

A  major  Impetus  to  the  use  of  wood  has  been  afforded  by  the  development  of 
adhesives  and  techniques   for  bonding  together  boards   or  other  relativelj?"  small 
pieces  of  wood  to  form  laminated  units.   ranging  from  large,    straight  or  curved 
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structural  members  to  relatively  small  pieces  suitable  for  the  production  of 
various  tumed  articles.  Laminated  structural  members,  such  as  beams,  columns, 
archesj  trusses,  and  rafters,  prefabricated  at  the  factory  and  asserabled  on  the 
jobj  have  essentially  the  same  properties  as  solid  wood,  but  are  no  longer  restricted 
in  size  to  the  dimensions  of  the  logs  from  whlch  solid  timbers  can  be  cut,  er 
limited  to  the  conventional  shapes  and  curvatures  of  such  solid  units«  Further- 
more,  their  design  often  makes  possible  the  use  of  a  significant  percentage  of  low- 
grade  or  short-length  pieces  in  the  interior,  lower-stressed  laminations  of  beams 
and  arches,  and  thus  provides  for  more  efficient  use  of  wood.  Laminat ing  is  of 
special  advantage  in  the  utilization  of  logs  frora  second-growth  timber  and  of 
mill  waste.  An  added  advantage  of  such  processing  lies  in  the  relatively  rapid 
and  efficient  seasoning  of  the  thin  component  laminae,  which  makes  it  possible 
to  produce  large  or  small  laminated  items,  dried  to  the  desired  moisture  condition 
and  free  from  serious  checks  and  other  seasoning  defects«, 

At  the  outset,  the  use  of  laminated  structural  timbers  was  limited  largely 
to  interior  construction,  notably  as  roof  arches  in  recreational  halls,  churches, 
theaters,  factories^  and  other  buildings  in  which  it  was  desired  to  have  wide  floor 
areas  unimpeded  by  supporting  columns»   But,  during  World  War  II,  the  developraent 
of  waterproof  adhesives  raäde  it  possible  to  utilize  laminated  members  for  keels, 
frames,  and  other  timbers  in  the  construction  of  small  naval  craftj  our  present 
shipbuilding  program  gives  high  priority  to  wooden  vessels  of  non-magnetic  laminated 
design  for  minesweepers  and  patrol,  landlng,  salvage,  and  rescue  craft,  The 
development  of  these  waterproof  adhesives  and  of  new  glue-setting  techniques  has 
further  extended  the  use  of  laminated  structural  timbers  to  various  types  of 
other  outdoor  construction, 

Laminated  wood  also  has  wide  application  in  the  manufacture  of  automobile 
and  truck  bodies,  airplane  parts,  fumiture,  sporting  goods,  shoe  lasts,  agricultural 
implements,  ironing  boards,  and  many  other  items o  Within  the  past  few  weeks,  several 
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prototjrpes  of  all-wood  truck  bodies,   designed  to  ifithstand  all  types  of  exposure 
and  Service,   have  been  placed  under  road  tests  by  the  Ärmy  Ordnance  Corps«     These 
are  built  of  U-shaped«,  one=pieee,  laminated  frame  members.,  which  combine  the 
functions  of  bolsters  and  side  supports  and  obviate  the  need  for  any  mechanical 
Joint  between  bottom  and  sides»     To  thera  are  fastened  floor  and  side  panels  made 
of  either  "^stressed-skin"  plywood  er  edge-glued  solid  wood  sections.     Still  another 
experimental  prcduct  now  under  study  is  the  laminated  railroad  tie,   made  i-jith  a 
dense  hardwood  beaj^ing  surface  glued  to  a  softwood  core,, 
Plywood  ^  .  ^   •       ^ 

GonspicTioiis  among  the  recent  advances  in  wood  utilizatdon  are  those  in  the 
manufacture  and  use  of  plywood,,   which  during  the  period  between  the  two  world 
wars  was  in  constantly  increasing  demand  for  both  industrial  and  architectural  purposes, 
HoweveTp  its  use  during  that  time  was  largely  restricted  to  interior  construction 
and  to  temporary  exterior  applications  in  ■which  the  relatively  low  water-resistance 
of  the  glue  was  not  a  disiinct   disadvantage.     In  contrast,,   the  mcre  recent   develop» 
ment  of  the  new  and  improved  adhesives  has  now  converted  plyuood  to  an  item 
of  practically  universal  applications,  not  only  in  f lat  panel  fonric,  but  mclded  to 
various  curved  shapes  as  well»     The  demonstrated  success  of  the  new  plywoods  in 
the   construction  of  the  tfosquito  bomberj,   troop-carrying  gliders  and  trainer  planes., 
the  torpedo-carrylng  PT  boat_,   and  numerous  other  wartime  structures  brought  wide= 
spread  recognition  of  their  obvious  utility  for  the  demands  of  the  postwar  era, 
Recent  statictics   (l9ii8)   indicate  that  i^O  per  eent  of  current  plywood  use  is  for 
various  purposes  in  house  construction,    l5  per  eent  for  hea-vjy  construction^   and 
hS  per  Cent  for  industrial  uses^  including  packaging^    fumiture  and  luggage^  mill- 
work  and  doors,,   and  railroad^   automotive  and  raaring  applications. 

One  of  the  outstanding  achievements  in  plywood  utilization  has  been  the 
development  of  i-initc,   or  prefabricatedj   construction  particularly  designed  for 
?iousirigo     Such  construction  had  its  inception  some  years  before  World  War  II, 
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but  was  restricted  in  its  more  favorable  application  until  the  introduction  of 
a  suitable  moisture-resistant  plywood,     During  the  war  years  the  acute  need  for 
living  accomniodations  in  crowded  industrial  corraminities  and  at  military  establish- 
ments   so   stimulated  the  demand  for  homes  that  many  thousands  of  housing  units  were 
built  of  factory-made  plywood-panel  walls,   floors,   ceilings,   and  partitions.     Each 
year  since  World  War  II  the  industry  has  expanded  its  Operations,  with  19^2  production 
expected  to  exceed  55,000  prefabricated  units  and  to  account  for  approximately  8 
per  cent  of  all  new,    single-family  houses  built  in  that  year.     Today,   there  are 
about  50  prefabricated  home  manufacturers,    distributing  their  products  chiefly  through 
some  3^,000  local   dealer-builders   in   liO  states, 

The  construction  of  floor,   wall,   and  roof  panels  for  prefabricated  buildings 
is  based  on  the  "stressed  skin"  principle,  in  which  plywood  facing  is  glued  to  the 
interlor  studs  or  stringers  in  such  a  way  that  all  components  contribute  directly 
to  the  strength  of  the   structure.     This  same   stressed-skin  design,  with  plywood 
glued  to  laninated  wood  supports,   is  being  applied  in  the  construction  of  highway 
trailers  and  railroad  box  cars» 

The -production  of  curved  shapes,   or  molded  plyvood,    is  another  of  the  major 
advances  in  the  plywood  fieldo     The  adaptation  of  improved  synthetic-resin  adhesives 
to  new  processes,   such  as  bag  or  fluid-pressure  molding,   has  made  possible  the 
rapid  and  extensive  manufacture  of  parts  having  pronounced  and  Compound  curvatures 
which  could  not  satisfactorily  be  attained  by  other  available  raethodso     Molded 
plywood  found  rather  wide  use  in  the  marine  and  aircraft  fields  during  the  war  and 
now  has   extensive  potential  application  in  the  manufacture  of  such  items  as  air-      ' 
craft  unitS;,    canoes,    small  boats,   light-x^reight  truck  and  station-wagon  bodies, 
radio   cabinets,    fumiture,   and  a  wide  variety  of  novelty  productso 

The  need  for  continual  produce  development  in  the  forest  Industries   is 
typified  by  some   of  the  recent  activities  in  the  Douglas-fir  plywood  field,  where 
the   scarcity  of  high-grade  peeler  logs   coupled  with  a   decided  increase  in  plant 
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capacity  has      ied  to  certain  adjustments  in  processlngj   to  permit  use  oi  logs   cf 
poorer  quality  and  srnaller   size»     Thus,   improved  processes  for  patching  open   defects 
and  for   edge-gluing  narrow  sheets  of  veneer  have  made  it  practical  to    Supplement    . 
the  s'üpply  of  peeler  logs  viith  savjmill  grades  of  logs  and  thereby  maintain  plywood 
productione     Masking  overlays  of  resin-impregnated  paper  are  also  being  applied  to 
pl^TiTood  surfaces  for  the  purpose  of  hiding  fclemishes  in  the  lower-grade  face  veneer» 
Actiially^   snch  plastic  overlaj-s  are  finding  increased  use^  not  only  as  a  means  of 
upgradin,g  plyvj'ood  by  masking  minor  defects^  but  also  hj  imparting  special  characteristi' 
to  the   surface  of  the  "woodo     Thus,   they  may  take  the   form  of  a  sheet  of  decorative 
paper,   inten ded  to  pro\'lde  an  attraetive  surface  that   is  also  resistant  to  abrasion 
and  X.0  liquid  absorptionj,   or  be  in  the  nature  of  a  high-density  surface  laminate 
that  increases  the  strength  and  rigidlty  of  the  pljrwood^  as  well  as  its  resistance 
to  wear  and  'wazer  absor-ption»     The  greatest   Single  present  use  for  plastic-overlay 
plywood  is  for  concrete  fonns_,  where  it  is  used  to  impart  a  smooth  finish  to  the 
concretsj  the  plastic  s'orface  can  be  readily  cleaned,  thus  making  possible  the 
repeai>ed  use  of  the  plywood  lormSo 

The  recently  deTeloped  "sandivich"  materials  represent  a  composite  construction 
in  which  low=density  woods^   pulpboardj   or  other  light-weight   cores  of  appreciable 
thickness  are  surfaced  on  both   sides  i-Jith  thin  sheets  of   relatively  high-density^ 
strong^    durable  materials j   such  as  plywood  or  resin-impregnated  compressed  wood  or 
paper»      The  outstandlng  wartirae  use  of   this  type  of  material  was  in  the  Mosquito 
bomber,   in  which  the  gluing  of  birch  plywood  faces  to  a  low-density  balsa-wood 
core  afforded  a  light-weight  construction  of  considerable  thickness ,  relatively 
high  strength,   and  very  high  stiffness,     Among  the  more  recent   developraents  in  con- 
nection  with  this  product  is  the  use  of  a  resin-impregnated  paper  to   form  an  open 
honeycomb  type  of  core,     "Sandwich"  materials  are  ciirrently  finding  use  where  light 
weight  and  high  strength  are  importantj,   as  in  aircraft  construction«     The  insulating 
and  so'iand-deadening  properties  of  the  low-density  core  also  suggest  the  use  of   "sandt-n-cl 
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construction  for  doors  and  exterior  wall  and  roof  panels  in  baildings,  as  well  as 
for  refrigeration  Units.  ■       /    ■ 

The  wartime  development  of  adhesives  for  bondlng  metals  and  plastics  to  wood 
is  also  finding  application  in  the  fabrication  of  composite  products.     This  is 
especially  significant  in  the  opportunities  afforded  for  using  appropriate  metals 
and  alloys;,   plastics,   and  plyvrood  in  combination  rather  than  as  replacements  for 
one  another»     These  combinations  afford  constructions  and  uses  that  take  advantage 
of  the  best  qualities  and  properties  of  each  material  for  a  given  purpose  and  provide 
items  superior  to  those  made  of  one  material  alone.     Opportunities  appear  especially 
promising  for  the  use  of  raetal-faced  plywood  and  solid  wood  in  making  aircraft  parts, 
automobile  bodies,   railroad  cars,   fumiture,  road  signs,  and  störe  frontso     Fiberglass, 
cloth,   paper-base  plastic,   and  other  materials  are  currently  under  development  for 
bonding  to  plywood  to  achieve  desired  surface  characteristics,   as  well  as  to  conceal 
defects  in  the  woodo     Such  materials  have  definite  possibilities  for  improving  the 
appearance  and    serviceability    of  low  and  medium-grade  plywood  and  hardboardso 

Preservative  and  Fire-Resistant  Treatments 

Research  in  recent  years  has  resulted  in  distinct  advances  in  methods  of 
treating  wood  to  increase  its     serviceability,      Jutstanding  among  the  iraproved 
processing  methods  are  those  concemed  with  wood  preservation  and  fire-resistant 
treatments  <> 

Notable  results  have  been  obtained  in  developing  cheraicals  and  processes 
for  increasing  the  resistance  of  wood  to   deterioration  by  decay,   termites,   marine    ' 
borers,   and  other  agencieso     The  application  of  wood  preservation  has  been  especially 
significant,  not  only  in  increasing  the  service  life  and  thereby  decreasing  the 
ultimate  cost  of  various  types  of  wood  construction,  but  also  in  making  available 
for  use  species  of  wood  that  would  otherwise  be  unacceptable  because  of  their 
rapid  deterioration  when  used  in  contact  with  the  groimd  or  in  other  exposed  Situation s, 
Continued  improvements  are  to  be  expected,  in  the   development  of  new  chemicals  and 
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xmproved  processes  which  x^tüI  restilt  in  increased     ser^/iceabiTity  and  lowered  costs 
Ol   treated  productso     The  use  of  chlorinated  phenois  and  other  oil-soluble  preservativ 
together  \n.th  such  comparatively  simple  methods  of  application  as  cold  soaking  and 
barrel  treatments,    is     among  the  recent   developraentso     While  wood  preservation  has 
been  widely  adopted  by  the  railroads  and  other  large  industrial  users  of   structural 
forms   cf  wood^   a  major  field  of  opportunity  lies  in   extending  the  use  of  treated 
wood  in  residential  and  agricultural  eonstruction  and  in  other  fields  that  iramediately 
eoncern  the  coiisumers  of   small  to  moderate  amounts   of  woodo 

Considerable  Impetus  was  given,    during  the  war  periodj  to  the  development  of 
fire-resistant  treatments  for  "wood«      Federal  specifleations  for  flame-proofed 
luraber  and  plyiTOod  vjere  adopted  by  the  Arn^r  and  Navy  to  meet  military  requirements 
for  a  variety  of  products  and  t^/pes  of  eonstruction^   and  these  materials  have  also 
been  incorporated  in  railroad  structuresj   hoteis j  hospitals^   and  theatersj   as  xüell 
as  in  industz-ial  and  commercial  buildings  and  other   structures  in  which  the  fire 
hazard  is  relatively  high»     The  chemicals  and  methods  used  in  processing  fire- 
resistant  wood  are   costlyj   however,   and  definitely  preclude  the  extensive  use  of 
such  treated  m_aterial  in  the  general  eonstruction  fieldo     That  must  necessarily 
await  the   development   cf  less  expensive^,  but   equalljr  affective,   treatments« 

Chemical  and  Mechanical  Conversion 

Mich  attention  is  being   devoted  to   e^rtension   of  facilities  for  the  chemical 
and  mechanical   conversion   of  wood»      This   development   has  particular   significance 
in  forest'  utilizationj   because  of  the   adaptability  of  such  processes  to  logging 
and  milling  residues,   to  loxir-grade  timber  and  little-used  species,   and  to  the  type 
of  material  which  raay  be  harvested  in  thinnings  and  improvement  cuttings  in  both 
hardwood  and  soft-wood  Stands»      Knowledge  in  this   field  has  advanced  to  the  point 
that  the  immediate  problems  of  application  are,,   to  a  considerable   degree,    economic 
rather  than  technolo gicalo     Outstanding  among  these  conversion  outlets  is  the  producti 
of  pulp  and  paper,   but   considerable  activity  is   also  being   shoim  in  the  manufacture 


of  insulating  boards  and  ha.rdboards  and  of  roofing  felts  and  other  building  papersj 
in  charcoal  production^   and  in  other  pi°ocesslng  methods  i-ihich  can  utilize  the  indicated 
classes  of  timbere 
Pulp  and  Paper 

Among  the  most  notable  technological  advances  in  wood  utiliaation  in  recent 
years  have  been  those  in  the  pulp  and  paper  lieldj  as  related  to  methods  of  reducing 
wood  to  pulp  and  zo  the   development  of  new  products»     Such  advances  have  been 
stirnulated  by  the   expanding  raarkets  for  various  tj'pes  of  papers,  paperboards^ 
insulating  boards^   textile  libers^   and  cther  cellulose-base  productsa     Illustrative 
of  the  increased  deraand  for  wood  pulp  is  the  current   expansion  in  use  of  paperboard 
Containers  for  railk  and  frczen  foods  and  other  products  of  the  mass-proAiction  food 
processing  industrj'-o     Another  area  of  expanding  use  is  that  of  pa.pers  and  boards 
for  building  construction,   ii'icluding  insulating  materials  and  absorbent  felts  for 
roo finge 

The  Problem  of  supplj'lng  the  pulpxjood  requirerna-its  of  the  expanding  paper 
and  paperboard  industrj''  is  being  solved  in  the  main  by  increasing  the  raw  material 
base^   to  include  the  use  of  significant  quantities  of  hardwocd  species^   of  small 
and  low-grade  softwood  logs,   and  of  logging  and  sa-wmill  r-esidues,     A  seccnd  line 
of  approach  to  the  problem  of  increasing  the  amount   of  available  pulp  has  involved 
the  developraent   of  modified  chemieal  processes  that  increase  pulp  yields  and  thus 
deerease  the  amount   of  wood  required  to  produce  a  ton  of  pulp  er  paper« 

In  the   search  for  pulp  yields  higher  than  the   hS  to  50  per  cent  of  the 
original  weight  of  wood  obt,ained  with  the  conventional  sulfite«,   sulfate^   and  soda    * 
processes^  two  general  pulping  proeedures  have  been   devised,   both  involi'ing  a 
mild  chemioal  treatment  of  wood  chips,    followed  by  mecha.nical  refining  to  aecomplish 
Separation  of  the  fiberso      One  of  these  methods,  the   so-called  high-jrLeld  sulphite 
and  sulphate  pulping,   is  limited  in  its  application  to  softwoods  and  provides  3rield3 
up  ^o    6G  per  cent   of  the   original  weight  of  wocdo      The  second  method,    designated 
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as  serdchemical  pulping^   is  particularly  well  ?\d.ipted  to  reducing  hardwoods  and 

gives  yields  of  65  to  80  per  cent  or  raore   (up  to  90  per  cent  in  the  recently  developed 

ccld  30 da  process)» 

Semichemical  pulping,   with  its  twin  advantages  of  applicability  to  hardwood 
species  and  high  yieldS;,  has  had  a  particular  appeal  to  the  pulp  and  paper  industry 
and  the   adoption   of  the  process   has  been  quite  outstanding»      Beginning  with  the 
first   commercial  Installation  in  Tennessee  in  1925?   the  number  of  semichemical 
mills  has  now  groim  to  26;    daily  production  capacity  has  increased  alraost  sixfold 
over  an  11-year  perind^   from  Ii65  tons  in  19hl  to  2,750  tcns  in  195lo     Aithough 
employed  mainly  in  the  manufacture  of  corrugating  board,  the  semichemical  pulps 
are  also   finding  use  for  both  coarse  and  fine  papers  and  in  specialty  boards« 

One  of  the  mcst   recent  developments  of  the  pulping  of  wood  is  the   chemi- 
groujid  process^   which  prcduces  a  pulp  rather  similar  to  the   semichemical  producta 
x-d-th  yields  of  about   85   per-  cent   of  the   original  weight  of  woodo      The  chemigroiind 
m.ethod  is   essentially  the  mechanical  or  groundi-iood  process,  but  applied  to  h^rdwoods 
which  have  been  given  a  preliminary  chemäcal  treatment,  '^äth  resultant  upgrading 
of  palp  quallty»      One  Company  in  New  England  has  anncunced  plans  for  ccnstruetion 
of  a  mill  to  make  hardwood  pulp   for  newspring  paper  by  the  chemiground  process» 
This  plant   is   expected  to  produce  120,000  tons  of  newspring  paper  annuallj-  from 
formerly  unused  hardwood  timber» 
Hardboard 

One  aspect   of  new  product   development  that  is  marked  by  continued  expansion 
is  the  production  of   fiberboards   from  wood  pulp»      These  products  run   the  gamut 
fi'-cm  serai-rigid  and  rigid  insulating  boards   (sp<,gr<,   Oo02  to   OdiO)   to   hardboards 
(Oc30  to   lol5)   and   superhardboards    (1,35  to   l.lj^)^   '^ith   particularlj^  heightened 
interest  in  the  denser  products <,     The  early  haidbcard  (or  pressed  board)   industrs^ 
wa^    dominated  for  abcut   20  years  by  one  southem  manufacturer,  but  in  the  past 
five  years  there  has  been  a  sharp   expansion  in  production,   from  the  2-2  million 
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square  feet    (equivalent   to   l/3"   thick  board)  produced  hy  3  mills   in  19U8  to   an 
anticipated  prcduction  of  almost  6  million  square  feet  by  the  I6  mills  operating 
in  1953»  ■       •  •  ■  ■     ■■       ■ 

The  bulk  of  the  hardboards  produced  today  are  made  from  fiberized  wocd  or 
pulp  which   Is  fcrraed  into  a  inat  of   the   desired  thickness   bv  one  01    several  processesj 
and  then   compressed  in  a  hot  press  to  an  essentially  horaogeneous   sheet  of  the   desired 
densit?/-  (sp,    fto   at  least  C„80)o      S^mthetic  resin  binders  are  added  in  some  cases 
to  consolidate  the  fibers  in  the  board,  while  in  other  processes  the  hydrolysis 
and  plasticising  of  the  uood  elements  accomplish       the  same  result^     A  somewhat 
different  type  ci   hardboard^   currently  receiving  increased  attention,   is  repressnted 
by  the  so-called  "particle  boards,"  made  from  such  materials  as  sawdust,    shavings, 
and  other  millwork  residues,   or   from  veneer  clippingSo     These  wocd  fragraents,  reduced 
to   desired  siae,   are  coated  >n.th  a  synthetic  resin  adhesive,    formed  into  boards, 
and  then  hot  pressed  to  eure  the  resin  and  obtain  the  desired  densif ication  of  the 
prcducto 

The  fibrous  hardboards  raay  have  synthetic  resins  or  drying  oils  added  diiring 
manufacture  to  give  greater  strength,    stability^   or  x?ater  resistancej    dyes  may  be 
inccrporated  to   give  colored  or  black  boardsj   and  the  surface  may  be  embossed  to 
simulate  the  appearance  of  leather^    ceramic  tile,   or  other  materialo     Among  the 
varied  uses  of  hardboard  are  interior  and  exterior  wallbcard^   panels,   liners^   and 
partitions  in  truck^  bus  and  trailer  bodiesj  furniture,   cabinet  parts  and  household 
furnishingsj   advertising  displays,    signs^   and  toys;   templets  and  Jigs   for  manufactur- 
ing  operationsj   and  facing  for  concrete  forms»     Several  ply>;ood  mills  are  now  manu- 
f  aeturin^  hard  )oard-faced  plyvjood« 
Ebctraction  and  Bistillation 

In  contrast  to  the  expansion  in  the  pulp  and  paper  and  hardboard  fields,   the 
commercial  extraction  and  distillation  industries  have  been  faced  with  serious 
economic  problems  which  have  limited  their  e:;ctensiono     Profitable  extraction  processes 
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have  been  largely  ccnfined  to  limited  produetion  of  tannins^    essential  oilsj    and 
cther  specialty  producta^    and  to  obtaining  naval  stores  from  resinous  southern 
pine  stumps;   some  1^  million  tons  of  plne  stumps  were  ejctracted  in  19147,  jd-elding 
12  million  gallons  of  turpentine  and  3/'^  million  barrels  of  rosin,     However,   there 
are  possibilities  of  obtaining  other  valuable   extractives  from  wood,   and  these  are 
under  study. 

The  wood-distillation  indiistry  has  been  seriously  affected  in  recent  years 
by  Problems  of  raw  material   supply  and  cf   declining  markets   diie  to  the  competition 
of  cheaper   synthetic   chemiicalSj    such  as  methanol  and  acetic  acid»      In  consequencej 
produetion  has  diminished  to  the  point  that  the  demand  for  charcoal  has  not  been 
generally  satisfied»     This   Situation  has  resulted  in  retrived  interest  in  charcoal 
produetion  in  some  areas,  not  only  for  the  purpose  of  meeting  the  unsatisfied 
demand,  but   also  of  Converting  otherwise  unmerchantable  or  low-value  tim.ber  into 
a  product  which  might  be  expected  to  bring  at  least  a  rnoderate  retum  to  the   sniall 
landovTiero     This    development  has  centered  largely  around  the   design  of   suitable 
por'oable  and  semi-portable  kilns  of  relatively  small  size^   i.rith  the  objective  cf 
keeping  the  cost  cf  transportin g  wood  from  stump  to  kiln  at  a  low  figuree     However^ 
further  research  Is  needed  on  the   economics  of  prodaction  and  on  problem.s  of  market- 
ing  charcoal.     Attention   is   also  being   devoted  to   the  development  of  new   distillation 
methods  that  nay  result   in  the  produetion  of  other  than  conventional  chemical 
productso 

Multiple-Use  Aspects  of  Jcrest  Use 

^.i/hile  this    discussion  has   dealt  with   our  forests   solelj»-  from  the  point  of 
vieTJ  of  their  significance  as   sources  of  wood  for  conversion  to   consumer  prod^jcts, 
it   should  not  be  brought  to  a  close  vd-thout  mentioning  the  other  important  Services 
these  timberlands  are  rendering  in  our  national  economy,      The  x^hole  problera  cf 
multiple-use  of  our   forests  has   groi'fi  in   significance  as   It   relates  to  watershed 
protection^,   wildlife  conservation^    grazing,    soll  conservation^   and  reereation» 
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Among  tha  significant  features  of  multiple  use  is  the  fact  that  these  uses^ 
other  than  forest  products  utilization,   may  be  adequately  supported  by  forestswhose 
volume  and  composition  at  present  are  below  reasonable  Standards  for  the  production 
of  sawlogs  and  other  valuable  wood  products« 

In  this  connecticn,   it   should  be  ernphasized  that,   in  general,  there  is  no 
serious  ccnflict     betxreen  intensive  management  of  forests  for  production  of  xrood 
and  the  best  management   for  multiple  usBo     In  fact,  these  other  uses  may  serve 
to   justify  the  cost  of  such  cultural  measures  as  may  be  necessaiy  to  restore 
depleted  timberlands  to  the  point  that  they  can  contribute  more  adequately 
to  the  'wood  requirenents  of  the  nation» 
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INDLISTRIAL  CHEIgCAL  RESEARCH 
By  Ufo  Frank  Jo   Soday 

Research  is  a  scientific  cüscipline  that  enables  man  to  probe  the  secrets 
of  nature  in  a  systeraatic  raanner,   thus  leading  to  a  better  understanding  of  the 
physical  world  in  which  he  lives»     As  an  industrial  tool^   it  is  a  development 
of  the  present  Century,   and  onlj^  within  the  past  two  or  three   decades  has  the 
industrial  research  laboratory  become  an  indespensible  part  of  our  economy» 

In  assessing  the  value  of  research^   one  should  not  lose  sight  of  the  inherent  ' 
inquisitive  nature  of  man,  which  has  led  to  notable  advances  in  the  pasto     Methods 
for  the  manufacture  of  iron  were  developed  in  prehistoric  times,   and  the  manufacture 
of  fine  glassware  and  exquisitely  colored  glazes  vras  an   established  industry  in 
the  Nile  Valley  some  ^000  years  ago»     It  is  apparent,  however,   that  these  discoveries 
were  made  by  the  trial  and  error  method  of  the  untrained  inventor,   and  by  the  patient 
refinement  of  known  proceduresj   rather  than  by  the  application  of  scientific 
principleso     As  in  the  case  of  flint  working  techniques  employed  by  primitive 
tribes,   a  certain  mystery  surrounded  each  occupation  and  no  attempt  was  made  to 
study  the  principles  inx'-olved  or  to  make  use  of  knowledge  acquired  in  one  field 
to  improve  anothero 

Modem  industry,   as  contrastered  with  primitive  industry,  had  its  crigin 
in  the  industrial  revolution   set  in  motion  in  Shgland  in  1730  trith  the  develop- 
ment of  Watt 's  steam  engine,  the  first  practical  device  for  Converting  heat  into 
mechanical   energy»     The  invention  of  the  spinning  jc.-ny  by  Hargreaves  in  176Ii 
and  the  automatic  power  loom  by  Cartwright  in  1785  transformed  the  manufacture  of 
cloth  from  a  cottage  industry  to  an  industrial  enterprise«     Villages  became  factory 
towns,    and  these  in  tum  became  citieso     This  groi-ring  industrial  power   enabled 
England  to  rapidly  become  a  world  empire»  ■ 

The  industrial  revolution  was  only  one  aspect  of  this  age  of  ferment«     VJest- 
ern  man  was  recovering  from  the  intellectual  Stagnation  of  the  Dark  Ages,  and  his 
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awakened  curiosity  vjas  exploring  the  uhole  area  of  human  endeavor.  In  the  political 
field,  this  was  to  lead  to  the  development  of  democratic  principles  that  would 
result  in  the  abolition  of  autocratic  rule  in  many  countrieso  In  the  physical 
world^  his  increasing  Imowledge  of  scientific  principles  vrould  eventually  result 
in  broadening  the  horizons  of  science  and  technology« 

At  the  beginning  of  the  industrial  revolution^  technological  advances  had 
little  to  do  mth  scienceo  Although  Watt  was  led  to  undertake  his  experiments 
cn  the  steäiri  engine  through  his  knowledge  of  basic  studies  being  carried  cut  by 
others  in  the  field  of  ealorimetry,,  he  was  an  inventor  rather  than  a  scientist« 
This  pattem  of  parallel^  but  not  cooperative^  effort  on  the  part  of  the  inventor 
and  the  scientist  was  followed  until  the  beginning  of  the  present  Century» 

Under  the  leadership  of  Berzelius,  Lavoisier,  Wohler,  and  others  the  alchemy 
of  the  Middle  Ages  was  gradually  transformed  into  the  science  of  chenästry,  This 
work  was  carried  out  mainly  in  academic  laboratories  by  man  dedicated  to  the 
field  of  science„  The  schools  became  the  sola  source  of  fundamental  knoviledge, 

The  scientific  discoveries  resulting  from  academic  research  slowly  diffused 
into  industr>'"  in  a  variaty  of  ways»  The  publication  of  scientific  data  often  acted 
as  a  Stimulus  to  the  practical  inventor^  resulting  in  important  advances  in  many 
industrial  Operations»   In  certain  cases,  the  academic  scientist  would  become 
so  impressed  i-rith  the  practical  possibilities  of  his  fundamental  discoveries 
that  he  would  seek  an  industrial  position  in  order  more  full^J-  to  e^qDloit  them, 
Ä  few  organizaticns  also  made  use  of  the  scholastic  scientist  in  a  Consulting  capacity^ 
although  this  arrangement  X\'as  not  too  satisfactory  in  most  cases  due  to  a  lack 
cf  loiowledge  of  the  scientific  raethod  on  the  part  of  industi'y»  l'toile  scientific 
research  was  making  increasingly  important  contributions  to  industrail  progresSj 
research  was  not  a  recognized  industrial  activity. 
The  Gro-wt.h  of  Industrial  Research 

At  the  tum  of  the  Century,  a  number  of  progressive  companies  recognized 
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that  industrial  progress  had  become  increasingly  dependent  upon  the  use  of 
fundamental  knowledge  accuraulated  through  generations  of  academic  and  private 
research  in  scientific  fields«      In  order  to  take  füll  advantage  of  the  possibilities 
of  improving  their  Operations  hj  the  use  of  such  knowledge  they  began  to  establish 
research  laboratories  within  their  oi-m  organizations»     This  partnership  between 
science  and  industry  proved  to  be  so  profitable  that  research  was   soon  regarded 
as  an  essential  Operation  in  industry» 

The  rate  of  groiirth  of  industrial  research  laboratories   during  the  past 
quarter  of  a  Century,  both  x-iith  respect  to  the  nuraber  of  such  laboratories  and  the 
magnitude  of  their  Operations,   has  been  nothing  short  of  spectacular«     A  recent 
survey  by  the  National  Research  Coimcil  indicates  that  2800  industrial  organizations 
in  this  country  operate  more  than  3300  research  laboratorieso     Every  one  of  America' s 
100  largest  industrial  corporations  maintains  at  least  one  research  laboratory, 
and  some,  like  DuPont,   have  severalo     In  the  latter  case,   research  laboratories 
concentrating  on  a  particular  phase  of  the  Company' s  acti^/ity  are  located  at  various 
places  throughout  the  country,  usually  adjacent  to  a  place  concemed  mth  that 
activity,  with  a  central  research  laboratory  to  work  on  fundamental  problems  and 
to    coordinate  the  efforts  of  the  more  specialized  laboratories, 

Industrial  research  is  carried  out  in  thj"ee  waj^s,  namely,    (l)  by  industrially 
owned  and  operated  laboratories,    (2)  by  industrial  research  Institutes,    and  (3) 
by  industrially  supported  academic  research»     The  largest  volume  of  industrial 
research  is  carried  out  in  Company  laboratories,  which  is  the  most  desirable 
method  when  the  business  is  large  enough  to  justiiy  the  necessary  Investment  and 
operating  costs. 

The  industrial  research  Institutes  off  er  a  research  service  to  indijstry  on 
a  fee  or  other  basis,     It  provides  an  effective  method  for  conducting  research 
when  a  business  is  unable  to  supply  its  otfin  facilities,   or  where  the  nature  of 
the  project  requires  specialized  equipment  or  skills  not  availäble  in  the  Company 


laboratoryo  Some  were  established  early  in  the  Century,  such  as  Arthur  D„  Little 
in  Boston^  while  others  are  of  more  recent  vintage,  such  as  the  Southern  Research 
Institute  in  Birmingham  and  the  Southwest  Research  Institute  at  San  Antonio, 

Industrially  supported  research  in  Colleges  and  universities  was   started  before 
the  advent  of  the  industrial  research  laboratory,   and  many  important  industrial 
adi/ancas  were  conceived  and  nurtured  in  this  itianner^.     This  procedure  is  steadily 
growing  in  importance  as  niany  far-seeing  business  men  recognize  that  it  operates 
to  the  inutual  advantage  of  both  partieSo     l^ile  making  fundamental  data  and  research 
talent  a-v-ailable  to  industry5  it  fumishes  financial  support  to   the  educational 
institute^   and  serves  to   acqaaint  aeademic  scientists  with  industrial  problems 
and  procedureso     A  number  of  chemical  companies,   ranging  from  the  largest  to   some 
of  the  sraallest,    systematically  Sponsor  research  in  the  schools,  and  in  nany  cases 
this  sponsorship  has  been  maintained  for  a  quarter  of  a  Century  or  more» 

A  fourth  type  of  industrial  research  is  that   conducted  by  the  governraent« 
This  is   carried  out   in  government  laboratories,   by  grants     to  schools  and  Colleges, 
andji   in  more  recent  years^   by  contracts  with  industrial  organizations»     While  the 
majority  of  this  research  is,   of  necessity^   tied  into  our  defense   effort,    some 
government   funds  are  available  for  other  purposeso     About  tlO  million  of  federal 
government   f^ands  i-JiU  be  available  this  year  for  basic  chemical  research  in  the 
schools o 

The  relationship  between  science  and  industry  can  be  measured  by  the  magnitude 
of  research  supported  by  industry  and  by  the  rate  of  growth  of  industrial  research 
over  the  past  quarter  of  a  century» 

The  total   expenditure  for  research  and  development  in  this  country  in  19^2 
was  $3o5  billion,   of  which  industry  spent  nearly  $2  billiono     Thus,  the  nation 
is  spending  approxLmately  one  per  cent  of  its  income  on  research, 

The  chemical „   aircraft,   and  electrical  industries  accounted  for  ^S%  of  the 
total  spent  on  indastrial  research,     The  average  industrial   Company  spent  2%  of 
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the  total  value  of  sales  and  Services  for  research,  while  the  cheraical  industry 
spent  2 «5^0  Some  of  the  larger  chemical  companies  spent  3(i  out  of  each  sales 
dollar  to  support  research«  The  average  cost  per  industrial  researcher  was  122,000» 
A  total  of  914,000  scientists  and  engineers  was  employed  in  industrial  research 
laboratories,  together  with  lli0,000  assistants,  technicians  and  administrative 
personnelo  This  is  more  than  t^Jice  the  number  employed  in  19liO  and  more  than 
10  times  the  number  employed  25  years  ago« 

Industrial  research  is  being  hampered  by  a  lack  of  properly  trained  technical 
personnel  to  conduct  its  operationso  It  is  estimated  that  industry  could  absorb 
^0,000  chemists  and  engineers  for  technical  work  in  general  this  year,  and  that 
a  continuing  supply  of  30,000  new  graduates  if.'ill  be  required  each  year»  Only 
a  fraction  of  this  number  will  be  available« 

There  are  more  than  I60  industrial  research  laboratories  in  the  South,  as 
well  as  1;0  well  staffed  and  well  equipped  industrial  research  institutes,  A 
total  of  103  new  laboratories ^  or  major  additions  thereto,  was  established  in  the 
Southern  states  last  year,  a  rate  of  growth  exceeding  that  of  any  other  section 
of  the  country« 

A  total  of  11,000  professional  chemists  are  employed  in  the  South,  Texas 
leads  >n.th  2000,  f ollowed  by  Maryland  (I7OO),  and  Tennessee  (lUOO),  The  majority 
are  employed  in  the  chemical  manufacturing  industry  (17OO),  followed  by  educational 
institutions  (I6OO),  and  govemment  laboratories  (l^OO)»  Membership  in  the  American 
Chemical  Society  is  growing  more  rapidly  in  the  South  than  in  any  other  area,  hQ% 
in  the  last  5  years  compared  with  31^  for  the  rest  of  the  country«  This  is  but 
a  reflection  of  the  rapid  groirjth  of  industry  in  the  South,  which  is  setting  the 
pace  for  the  rest  of  the  nation« 
The  Need  for  Increased  Academic  Research 

As  industrial  research  is  concemed  largely  T^Jith  the  application  of  known 
scientific  principles  to  the  Solution  of  practical  problems,  the  industrial  laboratorie; 
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draxiT  heavily  upon  the  stockpile  of  basic   scientific   data  slowly  accuirailated  through 
several  generations  of  acadenic  researcho     Practically  every  major  development  of 
this  generation  has  its  roots  in  fundamental  studies  carried  out  in  the  past  in 
various  College  and  university  laboratories,     One  need  only  recall  the  developraents 
in  the  fields  of  atomic  energy,   synthetic  rubber,   S3nithetic  fibers,  plastics,   and 
pharmaceuticals,   to  narae  a  few,   to  realize  the  extent  to  which  industry  is  indebted 
to  academic  research  for  new  processes  and  prodacts» 

Due  to  the  phenomenal  growth  of  industrial  research  durinf'  the  past  quarter 
of  a  Century,  many  responsible  scientific  leaders  are  of  the  opinion  that  we 
have  depleted  our  stockpile  of  fundamental  data  to  the  point  at  which  determined 
efforts  must  now  be  made  to  replenish  it  in  order  to  prevent  the  curve  of  tech- 
nologicai  progress   firom  leveling  offo     VJhile  a  certain  amount  of  piire  research 
is  carried  out   in  some  of  the  larger  industrial  laboratorieSj,   it  is  unrealistic 
to  expect  that  this  will  be  sufficient  to  supply  industry  with  all  of  the  fundamental 
data  which  it  must  have,     This  is   clearly  the  function  of  academic  research, 

It  is  industry' s  responsibility  to   see  that  adequate  funds  are  available  for 
the  Support  of  pure  research  in  such  laboratories»      Some  of  this  financial  aid 
can  come  from  the  government  and,   as  pointed  out  previously,   approxiraately  $1C 
million  mll  be  available  for  this  purpose  this  year,,     But  unless  we  are  willing 
to  permit  fundamental  research  to  be  politically  controlled,   it  will  be  necessary 
to   contribute  more  generously  to  academic  research  than  in  the  past,     To   do  other- 
wise  would  result  in  the  fountainhead  of  industrial  research   drying  up  at  the 
source, 

Fortunately,   industry  is   fully  cognizant   of  its  stake  in  a  continuing 
supply  of  this   essential  raw  raaterial,   and  is   evaluating  a  number  of  proposals 
for  supporting  academic  research»     In  the  meantime^   individual  companies  and 
manufacturing  associations  have  largely  increased  the  number  of  scholarships, 
fellowships,   and  research  grants  to  the  Colleges  and  universities  throughout 
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the  coimtry«     A  fertile  field  for  farther  aid  in  this   direction  lies  in  the  30^000 
corapanies  having  incomes  in  the  ränge  of  |2  to   $3  million,  but  possessing  no 
research  facilities,  " 

The  Chemical  Indastry 

Kany  modern  industries,    such  as  the  chemical  industry,  the  electrical  industry, 
the  rubber  industry,  and  the  auto  industry,   owe  their  existen.cej   in  uhole  or  in 
large  part,  to  research,     This  is  particularly  true  of  the  chemical  industry. 

In   the  rapid  growth  of  industry  in  the  United  States   during  the  present 
Century,  nothing  can  compare  in  speed  and  magnitude  with  the  rise  of  the  chemical 
indistry«,     A  product  of  research,   it  has  expanded  three  times  faster  than  the  rest 
of  the  industry  and  has  become  the  keystone  of  our  economy» 

In  its   development ,   it  has  transforraed  our  way  of  life,     Today,  the  average 
American  lives  largely  on  chemically  nurtured  and  processed  foods,    dresses  in 
clothing  derived  from  synthetic  fibers  or  chemically  processed  natural  fibers, 
washes  with   synthetic  detergents,  and  travels  on   synthetic  rubber  tires.      It  has 
developed  whole  new  Industries,    such  as   S3mthetic  rubber,   synthetic  plastics, 
synthetic  fibers,   and  antibiotics,   and  has  basically  altered  other  Industries, 
such  as  the  proteetive  coating  industryo     Conceived  in  the  laboratory  and  nurtured 
by  well-planned  and  well-executed  research,   it  continues  to   set  new  expansion  ■ 
goals  for  industry, 

The  total  value  of  the  output   of  all  of  the  chemical  process   Industries  was 
$52  billion  in  19^2,  practically  unchanged  from  19^1»     Nearly  ^3  billion  was   spent 
on  new  plant s  and  facilities, 

Sulfur  has  been  a  reliable  indicator  of  the  business  barometer,   the  1952 
production  of  6.h  million  long  tons  being  essentially  the  same  as  that  of  195lo 
New  production  facilities  both  from  sulfur  dom.es  and  from  by-product  sources, 
ended  the  threatened  sulfur   shortage  of  the  previous  year. 

Chlorine  production  averaged  about  7^000  tons  per  day,   approximately  the 
same  as  195l.     While  the  production  capacity  has  been  growing  at  the  rate  of  12^ 
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per  year  for   the  past  20  years,  there  are  some  indications  that  it  may  be  leveling 
off, 

The  total  capacity  for  eleinental  phcsphorus  production  is  285,000  tons  annualiy, 
10%  more  than  1951«     Fhosphoric  acid  production  was  2  million  tons,     Organic  phosphate 
usage  is  cllrabing  rapidly, 

Ssmthetic   detergents  continued  to  undermine  the  soap  market,   the  1952  production 
being  1.7  billion  pounds  compared  v±th  l,ii  in  195lo     Soap  dropped  from  2,1;  to  2,3 
billion  potmdso 

Fertilizer  production  was  22  million  tons,      Nitrogen  production  was  l.L;  million 
tons  (N),   potash  lo6  million  tons    (lC20}s   ^■'^'^  phosphoric  acid  2«2  million  tons 
(P2O5). 

Plastics   continued  to  grow^   the  1952  production  being  2,6  billion  pounds 
compared  mth  2.1;  billion  pounds  in  195lo 

S^Tithetic  fiber  production  was  250  million  pounds,  up  l5^  above  the  1951 
production  of  210  million  pounds,     Rayon  and  acetate  production  was  1,136  million 
pounds,   12/S  less  than  1951« 

Production  in  the  drug  and  pharmaceutical  industry  was  73  million  pounds 
of  undiluted  medicinals,  unchanged  from  1951»     Total   sales  dropped  to  %hSO  million 
from  195l's  record  $503  railliono     The  total  retail   sales  of  all  ethicals  was   $1,1 
billion» 

Production  of  fats  and  oils  was  12o2  billion  pounds   compared  i-jith  8.5  billion 
pounds  in  195l. 
Southern  Chemical  Industry 

The  South  continued  to  set  the  pace  for  the  rest  of  the  nation,     Mr,   McCormick, 
President  of  the  American  Stock  Exchange,  recently  singled  out  the  South  as  "the 
bellwether  in  a  renaissance  of  industrial   expansion  and  di versification  in  the 
United  States  ,"    For  the  past  two  years,  an  average  of  one  new  raulti-million  dollar 
plant  has  started  Operations  each  working  day„     The  South  now  has  a  total  of  12,500 
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maniifacturing  plants  emplo3n.ng  50  or  more  workers« 

And  nowhere  has  this  expansion  been  more  evident  than  in  the  chemical   industry» 
Alreacfy  possessing  more  than  its  proportionate  share  of  the  chemical  industry     of 
the  country,  the  South  has  received  nearly  one-half  of  all  of  the  new  chemical  plants 
approved  for  construction  by  the  govemraento     Ten  of  the  12  major  plants  built   since 
the  war  by  DuPont,   the  world' s  largest  chemical   Company,  are  in  the  South^    giving 
the  Company  20  large  plants  in  9  southern  stateso     The  South  produces  90$o  of  the 
chemical  intermediates  for  the  plastic  industrjr  and  30)%  of  the  nation's  synthetic 
rubber.     In  the  southeast,   industrial  growth  and  development  is  being  paced  by 
the  rapidly  groidng  textile  and  synthetic  fiber  industry.      Nearly  80^  of  the  rayon ' 
and  acetate  production  is  in  the  South^   and  practically  all  of  the  synthetic  fiber 
industry  is  in  the  same  area^ 

The  petro chemical  industry  is  almost  wholly  a  southern  industry^   85^  of  the 
petrochemical  plants  in  the  countiy  being  located  along  the  Texas-Louisiana  Gulf 
Coasto     It  is  the  most  rapidly  growing  section  of  the  chemicsl    industry  and  today 
accounts  for  more  than  2^%  of  all  of  the  chemicals  produced  in  the  country,      It  is 
expected  that  this  will  increase  to  ^0%  within  10  yearso 

■Petrochemical  production  in  19^2  was  estimated  at  over  17  billion  pounds,  and 
petro chemicals  now  account  for  over  70^  of  all  organic  chemical  production»     The 
total  Investment  in  petrochemicals  is  over  $2  billion. 

In  a  recent   survey  of  the  southern  chemical  industry  by  the  New  York  Times^ 
Mississippi  was   stated  to  be  "one  of  the  best  chemical  growth  areas  in  the  region» " 
Wiile  it   ranks  last  in  current  chemical  employment  among  lü  southern  states,   it  is 
eighth  in  the  order  of  new  chemical  plant  installationse     Its  futrure  possibilities 
are  based  on  its  natural  resources  and  its  position  as  one  of  the  riebest  agricultural 
areas  in  the   country,     It  now  ranks  ninth  among  the  oil  producing  states  in  the 
country,  with  2000  oil  and  gas  wells« 

It  is  interesting  to  note  that  Mississippi  was  the  first  state  to  be  affected 
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by  the  growing  power  of   chemical  researcho     I-kdder,  from  which  the  c^e  indigo  was 

obtained,  was  for  many  years  the  princlpal  agricultural  product  of  Ässissippi. 

The  brilliant  researches  of  Sir  Henry  Perkin  in  England  in  the  middle  of  the  last 

Century  led  to  the  development  of  a  whole  spectrum  of  dyestuffs  from  coal  tar, 

thus  freeing  man  from  his   dependence  upon  the   soil  for  dyes  and  revolutionizing 

the  industry«     The  cultivation  of  madder  and  other  dye  producing  plants   disappeared 

almost  ovemight,  :        •        ,  •'       ,     :     , 

Products  of  Industrial  Chemical  Research 

In  a  survey  made  sorne  two  years  ago  by  Life,   it  was  found  that  the  average 

family  in  this   country  owns  some  10,000   different  objectso     A  recent   survey  by 

the  Journal  of  Commerce  shows  that  each  person  uses  l8  tons  of  materials  per  year, 

distributed  as  followss  • 

'  Fuel  liijOOO  pounds        -  ■,  .     : 

Building  materials  10,000  pounds 

Ores  5,000  pounds   (800  #  of  m.etal) 

Fiber,   pulpwood  and  ,        ' 

other  agricultural 

products  I.i.,100  pounds       ^        , 

Food  1,600  pounds  .... 

Non-metallic  materials  800  pounds 

The  man  who  retires  at  6B  will  have  used  1^170  tons  or  2,3ltO,000  pounds  of  materials« 
The  Provision  of  these  materials  is  one  of  the  major  responsibilities  of  industrial 
chemical  research.     A  few  examples  mll  be  given  to  illustrate  the  manner  in  which 
research  carries  out  this  assignment, 
Ao     Synth etic  Rubber 

During  World  War  II,   the  Japanese  were  able  to   cut  off  90%  of  the  world' s 
supply  of  natural  rubber«     Without  ample  supplies  of  this  Strategie  material,   the 
United  States  would  not  have  been  able  to  prosecute  the  war  and  would  have  been 
compelled  to   sue  for  peace. 


Fortunately,  a  large  amount  of  fundamental  data  conceming  the  preparation 
of  synthetic  rubber  had  been  acctmiulated  as  a  result  of  acadeniic  research  extending 
back  nearly  100  years.  In  the  1920' s^  the  DuPont  Company  started  an  investigation 
whlch  was  to  lead  to  the  development  of  neoprene,  the  first  true  synthetic  rubber. 
Other  companies,  both  here  and  abroad,  became  interested  in  the  project  and  a 
growing  sjmthetic  rubber  industry  was  well  established  in  this  country  prior  to 
Pearl  Harbor» 

Stimulated  by  the  demands  of  warj  the  govemment  constructed  a  $1  billion 
dollar  sjmthetic  rubber  industry  with  a  capacity  of  one  million  long  tons  of  rub- 
ber per  year  in  the  short  space  of  2  years.  The  production  of  synthetic  rubber 
continued  after  the  war  and  is  now  an  integral  part  of  our  national  economyo  l"ö.th- 
out  this  continuing  supply  of  rubber,  natural  rubber  supplies  would  be  insufficient 
to  meet  world  demands.  Utilizing  petrochemicals  as  basic  raw  materials,  the  synthetic 
rubber  industry  is  predominately  a  southern  industryo 
Be  Antibiotics 

One  of  the  spectacular  developments  of  recent  times  has  been  the  gro^•.'th   : 
of  the  antibiotics  industry»  As  early  as  1900,  Dr»  Richmond  of  Fort  Madison,  Iowa, 
had  discovered  the  curative  properties  of  molds,  Treating  fever  patients  with 
capsules  containing  moldy  bread  and  aspirin.  he  was  able  to  effect  many  eures o 
His  Journal  states  that  "Iraprovement  is  unbelievable,  I  shall  give  all  my  patients 
with  fever  and  infections,  mold,,  If  I  should  teil  the  other  doctors  about  this, 
they  would  think  I'm  crazy." 

Patient  research  in  England  by  KLeming  led  to  the  Isolation  of  the  active 
principle  of  mold,  penicillin,  just  before  the  war»  Its  use  during  the  war  is 
credited  with  saving  thousands  of  lives  and  greatly  reducing  convalescent  tirae  in  ' 
infectious  cases»  In  this  country,  the  work  of  Waksman  and  his  associates  at 
Rutgers  University  led  to  the  Isolation  of  streptomycin  from  the  seil,  ^ 


Provided  viith  this   fundamental  data,   industrial  research  then  developed 
methods  for  the  mass  production  of  these  and  other  antibiotics,     Their  use  has 
revolutionized  rnedical  practica  in  the  treatraent  of  many  injuries,   infections,   and  ■ 
diseases»     Retail  sales  of  the  antibiotics,  unknown  15  years  ago,   amounted  to  raore 
then  $500  million  last  year» 

Co     Ammonia  '   '  ■      ■ 

The  synthesis  of  ammonia  ranks  täth  the  greatest    discoveries  of  all  .... 

time,     Since  the   dawn  of  civilization,   man  had  been  living  on  the  accmmilated 
Stores  of  nitrogen  in  the  soilj   and  this  capital  was  running  out  in  the  closing 
days  of  the  ]a  st  Century«     In  I887,  Huxley,   the  great  English  economist,   predicted 
that  westem  civilization  would  disappear  in  fifty  years  as  a  result  of  the 
exhaustion  of  all  available  supplies  of  fixed  nitrogeno 

It  is   sometimes   darkest  just  before  the   da-wn,  however,   and  this  grim  prediction 
did  not  come  to  passo     Research  carried  out  in  various  schools  and  Colleges  had  laid 
the  basis  for  the  fixation  of  atmospheric  nitrogen  "bj  chemical  means»     In  1910,   after 
ten  years  of  research,    Fritz  Haber  achieved  the  direct  synthesis  of  anhydrous  ammonia 
frora  hydrogen  and  nitrogen»     At  long  last,  man  had  discovered  a  way  to  renew  his 
capital  of  this  life-giving  element  indefinitelyo 

Continuing  industrial  research  has  made  the  nitrogen  industry  one  of  the 
giants  of  our  time,     At  the  outbreak  of  World  War  II,   this   coantry  had  a  synthetie 
ammonia  capacity  of  liOO,000  tons.      Bj  19hhsi   this  had  besn  increased  to  1^215, 000„ 
Present  production  is  nearly  I5 7^0,000  tons,   and  is  belng  increased  as  rapidly  as 
possible«     The  majority  of  this  production  is  in  the  South»     An  additional  200,000 
tons  of  annual  yearly  capacity  is  required  to  meet  the  food  and  fiber   demands  of 
our  rapidly  increasing  population»  ^  ,'  ■ 

D,     The  Mcintosh  Development 

The   development  of  five  new  chemical  plants  near  Mcintosh  along  the 
Mobile  riverin  southem  Alabama  illustrates  the  influence  of  chemical  research 


upon  the  developraent  of  an  area»  Some  years  ago,  ü^»  Stewart  Lloyd  of  the 
University  of  Alabama  discovered  a  salt  dorne  near  Mcintosh  while  condueting 
a  natural  resources  survey  in  that  area„  In  19^2  Mathieson  Chemical  built 
a  chlorine  and  caustic  soda  plant  at  Kcintoshj  using  salt  from  the  dorne  as 
the  raw  materialo  The  plant  has  a  capacity  of  ICO  tons  of  chlorine  a  day» 
With  an  assured  chlorine  supply,  Geigy  built  a  DDT  and  BHC  plant  to  supply 
these  relatively  new  insecticides  to  the  agricultural  areas  in  the  south- 
east»      Galabama  Chemical  also   is  building  a  DDT  plant  at  the   same  location, 

Caustic  from  the  Mathieson  plant   supplies  the  requirements  of  this 
basic  Chemical  for  the  new  Courtaids  rayon  plant  at  Le  Ifcyne«     Courtald's 
carbon  bisulfide  requirements  come  from  a  plant  recently  constructed  by  Stauffer 
at  Le  MDynOo     Any  excess  caustic  and  chlorine  from  Ifethieson' s  Operation  will 
find  a  ready  market  in  the  paper  mills  in  southern  Alabama»     A  systematic 
compilation  of  basic  data  by  a  university  professor  some  years  ago,    coupled  with 
advances  made  in  chemical  technology^  has  led  directly  to  the  industrialization 
of  a  large  area  and  an  assured  incom.e   for  irHny  people« 
E„     The  Semi-Synthetic  Fibers 

A  recent  developmentjemploylng  the  accumulated  skills  of  many  phases 
of  science     and  the  data  resulting  from  generations  of  academic  and  industrial 
research^   is  the  production  of  synthetic  fiberso     Until  late  in  the  last   Century 
only  four  fibers,  namely,   cotton,  wool^    silk^   and  linen,  were  available  for  the 
covering,  warmth,   and  adomment  of  mankindo     From  the  earliest  times  until  the 
present,  these  fine  fibers  so  generously  provided  by  nature  were  sufficient  to 
meet  all  of  our  needso 

But  with  the  further  development  of  the  Machine  Age,   with  its  emphasis 
upon  productivity  and  the  large-scale  manufacture  of  what  had  once  been  regarded 
as  luxury  items,  an  insatiable  appetite  for  more  and  better  textiles  was  created. 
The  feminine  wardrobej   which  had  been  restricted  to  the  commoner  fibers  for  all 
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but  the  favored  few,    demanded  increasing  quantities  of  costly  and  exotic  garmentso 

As  living  Standards  advanced^  homes  required  more  draperies,  upholstery, 
table  linen,   sheets,   and  toweling.     Automobiles,   each  requiring  about  70  pounds 
Ol"  textile  fibers,  thronged  the  highways,   and  industrial  and  institutional  needs 
raultipliedo 

As   demands  increased,    certain  limitations  of  natural  fibers  be'came  apparent, 
The  supply  of  silk  and  linen,  the  traditional  luxury  fibers,  was  limited  and  could 
not  be  increased  substantially  because  of  the  high  labor  costs  involved.      Natural 
fibers  are  at  the  mercy  of  a  number  of  unpredictable  factors,    such  as  weather, 
pests,  and  disease»     The  rising  cost  of  farm  labor  became  an  inereasingly  important 
iteiiio     The  base  of  our  textile  industry  had  to  be  broadened, 

To   satisiy  these  pent  up  demands  came  new  types  of  fibers  produced  by 
the  genius  of  man»      Fossessing  many  desirable  properties,  they  have  long  since 
won  recognition  and  a  permanent  place  in  our  textile  eeonon^o     Their  developraent 
has  resulted  in  a  general  improvement  in  all  textiles  as  the  natural  fibers, 
dete3:TTiined  not   to  be  ccmpletely  outdistanced  by  these  upstarts  fir-om  the  laboratory, 
have  r edo üble d' their  efforts  to  improve  style,  quality,   and  serTiceability. 

As  a  result  of  this  competition  between  the  various   synthetic  and  natural 
fibers,  Americans  are  the  best-dr-essed  people  in  the  World,     Today' s  wardrobes  are 
larger  and  more  varied,   and  clothing  is  more  attractive,  better  fitting, and  more 
serviceable,       Yet  since  1920,   the  portion  of  the  consumer  dollar  spent  for  clothing 
has   steadily  declined.     The  miracle  by  which  more  and  better  garments  have  been 
made  available  at  continually  lower  cost  coineides  mth  the  period  in  which  synthetic 
fibers  have  come  into  general  use. 

This  is  but  a  reflection  of  developments  in  other  phases  of  our  economy, 
The  purchasing  power  of  the  individual  has  steadily  increased  with  the   development 
of  new  and  better  processes  and  producta,   leading  to  better  quality  or  lower  price. 
In  the  case  of  clothing,   both  price  and  quality  have  been  iraproved,  with  a  consequent 
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rise  in  our  Standard  of  living  and  our  enjoyment  of  life,  The  steps  by  iriiiich  such 
desirable  results  have  been  accomplished  covers  the  history  of  modern  scientific 
thought,  although  the  inventive  genius  and  the  manufacturing  skills  of  the  present 
Century  were  required  for  the  actual  production  of  synthetic  fibers, 

The  brilliant  British  physicist  Robert  Hooke  predicted  the  eventual 
development  of  artificial  silk  in  1661;.  Recognizing  that  the  basic  problem 
was  the  provision  of  a  suitable  "artificial  glutinous  composition  -  much  resembl- 
ing  that  out  of  which  the  silkworm  wiredraws  his  clew  ^"  he  stated  that  "if  such  a 
composition  were  foimd,  it  were  certainly  an  easy  matter  to  find  very  quick  ways 
of  drawing  it  out  into  small  wires  for  use  ■ —  I  need  not  mention  the  use  of  such 
an  invention,  nor  the  benefit  that  is  likely  to  accrue  to  the  finder,  they  being 
sufficiently  obvious." 

Miile  we  may  question  Hooke* s  designation  of  the  development  of  suitable 
spinning  techniques  as  an  "easy  matter,"  his  procedure  still  serves  as  a  blue  print 
for  the  development  of  new  fibers»  Then,as  now,  the  problem  resolves  itself  into 
the  basic  steps  of  (l)  providing  a  composition  having  the  desired  physical  and 
Chemical  properties^  and  (2)  shaping  the  composition  into  filaments  of  the  required 
size  and  shape« 

Desplte  this  promising  beginning,  very  little  progress  was  made  daring 
the  next  two  centuries,  primarily  because  the  science  of  chemistry  had  to  advance 
to  the  point  at  which  it  could  supply  the  "artificial  glutinous  composition" 
required  by  Hooke' s  process.  In  1883^  Weston  produced  experimental  filaments  from 
an  ether-alcohol  Solution  of  nitrocellulose,  and  shortly  thereafter  Swan  found 
that  the  product  could  be  denitrifiedj  thus  regenerating  the  cellulose,  by  the 
action  of  ammonium  sulfide.  The  stage  was  thus  set  for  the  production  of  an 
artificial  fiber^  although  the  basic  raw  material  had  been  provided  by  nature' s 
marvelous  photosynthesis  process  instead  of  in  the  chemist's  test  tube. 
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Count  Chardonnet  then  bent  his  keen  mind  to  the  task  in  the  closing 
years  of  the  Century,  A  chance  Observation  of  a  Spaghetti  machine  extruding  a  plastic 
mass  in  the  form  of  large  filaments  lad  him  to  the  conclusion  that  a  sjmthetic  fiber 
could  be  produced  if  a  Solution  of  the  proper  composition  was  forced  through  minute 
orifices,  After  raany  falsa  starts,  the  Weston-Swan  procass  for  the  regeneration  of 
cellulosa  was  adopted,  with  promising  results.  This  lad  to  the  construction  of  the 
first  plant  for  the  commercial  production  of  rayon  at  Besaheon,  Prance,  in  1891« 

Later,  a  procass  was  daveloped  for  the  production  of  acetate,  a  semi-synthetic 
fiber  formed  by  spinning  a  Solution  of  cellulose  acetate.  Unlike  rayon,  irrfiich  is 
a  ragenerated  form  of  cellulose,  acetate  is  a  chemically  modified  form  of  cellulose. 

Sold  undar  the  nama  of  artificial  siUc,  these  semi-synthetic  fibars  were 
■an  instant  success  in  a  world  hungry  for  more  luxurious  fabrics  than  the  silkworm 
could  produce.  Fbr  silk,  a  scarce  and  costly  item,  had  long  been  the  only  acceptable 
fashion  textile.  Although  some  of  the  rayon  initially  placed  on  the  market  was 
undeniably  poor  in  quality,  constant  research  improved  its  quality  and  appearance 
and  developed  from  it  the  desirable  rayon  garments  so  familiär  to  us  today,        j 
The  first  plant  for  tha  production  of  rayon  in  this  country  was  constructed 
at  Mcircus  Hook  in  1911,  and  is  still  baing  operated  by  the  American  Viscose  Corporation. 
The  first  successflil  acetate  plant  at  Cumberland,  Maryland,  which  started  Operations 
in  192ho     By  1930,  rayon  accounted  for  approximately  ^%   of  tha  textile  fibers  sold 
in  this  country,  and  by  1938  rayon  passed  wool  and  was  second  only  to  cotton  in 
terms  of  annual  consumption. 

The  world  rayon  and  acetate  production  was  3.ii  billion  pounds  in  1952 
{S3%   yam,  ii7^  staple),  while  tha  production  in  this  country  was  1,136  million 
pounds  (72^  filament  yam,  28^  staple  and  tow).  The  U,  S.  production  was  12^ 
under  the  record  1951  production  of  1,29h  million  pounds.  The  U,  S.  production 
capacity  is  1,6  billion  pounds  at  the  präsent  tima,  and  is  scheduled  to  increase 
to  1  3/il  billion  pounds  in  195ii«  The  consumption  of  rayon  and  acetate  in  this 


country  in  1952  was  I5II46  million  pounds,    3%  less  than  195l  and  8^  less  than  the 
record  consumption  of  1  l/ii  billion  pounds  in  1950o     The  19^2  consumption  was 
equivalent  to  18^  of  our  total  fiber  requirementso 

Like  the  cotton  textile  industry^  in  which  88^  of  the  cotton  processed 
in  the  country  is  converted  to  cloth  in  southern  mills,  the  production  of  rayon 
is  predominately  a  southern  indastry,     Approximately  70^  of  the  nation*  s  rayon 
production   capacity  is  in  the  South^   and  contemplated  new  plant  installations 
recently  announced  will  increase  this  proportion  even  furthero     This  is  a  logical 
location  for  the  industry^    as  the  basic  raw  material  is  cellulose  in  the  form 
of  cotton  linters  or  wood  pulp,  both  of  which  are  availa^le  in  alinost  unlimited 
quantities  in  the  South»     In  additicn^   the  mills  in  which  rayon  is  converted  to 
fabric  are  mainly  located  in  the  South«      In  1952^    80^  of  all  rayon  and  acetate 
produced  by  domestic  manufacturers  was  processed  in  the  South» 

It  is  noteworthy  that  the  advent  of  rayon  did  not  result  in  any  marked  dis- 
placement  of  other  fibers  in  the  textile  industry,  but  rather  encouraged  their  use» 
Silk  continued  to  be  used  in  undiminished  quantities  until  the  outbreak  of  World 
fer  II   effectively  stopped  all  Imports o     A  total  of  29 »2  million  pounds  of  silk 
was  consumed  in  this  country  in  1920^   compared  with  35'>8  million  pounds  in  19iiO. 
The  same  Situation  prevailed  with  respect  to   cotton^  the  per  capita  consumption 
increasing  from  17<.7  pounds  in  1930  to  26c3  pounds  in  1950,,     In  other  words,   increas- 
ing  consumption  of  synthetic  fibers  had  resulted  in  a  corresponding  increase  in 
the  consumption  of  natural  fibers.     The  products  complemented  each  other» 
F„     Synthetic  Fibers 

It  is   significant  that  the  first  of  the  man-made  fibers  to  be  produced 
commercially  were  derived  from  a  natural  poljnner,     Rayon  is  a  semi-synthetic 
fiber  in  which  the  basic   structure  is  synthesized  by  nature  in  the  form  of 
celluloseo      Pure  cellulose,   in  the  form  of  cotton  linters  or  refined  wood  fibers, 
is  altered  by  physical  or  chemical  processes,   followed  by  dissolving  and  spinning. 
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Acetate  is  made  in  a  similar  ma-iner,  inth   the  exception  that  the  cellulose  acetate 

fibers  obtained  from  the  spinning  process  are  not  reconverted  to  cellulose  prior 

to  use. 

In  the  meantime,   great   strldes  had  been  made  in  cheniistry  and  in  the 

understanding  of  the  complex  structure  of  large  iiiolecules,  mainly  as  a  result  of 
theoretical  investigations  pursued  for  years  in  schools  throughout  the  world.     This 
knowledge  Xv-as  at  last  suf  ficient  to   enable  man  to  attempt  to   duplicate  nature*  s 
work  in  constructing  large  molecules  from  simple  basic  materials. 

In  1927,   the  DuFont  Company  inaugurated  a  fundamental  research  program 
which  was  to  result  in  the  first  true  synthetic  fiber,   one  composed  of  molecules 
entirely  forraed  by  the  hands  of  man  according  to  a  prearranged  pattem,   starting 
with  Chemical  raw  materials.     A  whole  new  industry  was  to  be  born. 

Nylon,  the  product  of  this   development,  was  placed  on  the  market  in  1939, 
and  soon  began  to  challenge  silk  in  the  field  of  ladies' hosiery.     In  this  use, 
it  was  found  to  outlast   silk  several  times  over,   and  the  word  itself  becarae  synonymous 
with  ladies  hose,     Quickly  displacing  silk  in  the  manufacture  of  fine  and  luxurious 
garments,   it  is  regarded  by  many  textile  experts  as  the  outstanding  fiber  among  all 
natural  and  synthetic  fibers.     Hooke's  prophecy  had  been  fulfilled. 

Probably  no  major  product  has  ever  timed  its  entry  into  the  industrial 
field  so  well.     Possessing  many  of  the  properties  of  silk,   it  was  immediately 
pressed  into  military  use  as  soon  as  the  supplies  of  this  natural  fiber  were  cut 
off  as  a  result  of  our  war  with  Japan.     Without  nylon  for  the  fabrication  of  parachutes, 
glider  tow  ropes,   an?i  a  thousand  and  one  other  nälitary  items,   our  war  effort  would 
have  been  severely  handicapped. 

At  the  ond  of  the  war,   the  pent  up  demand  for  nylon  knew  no  bounds.     War 
surplus  parachutes  were  cut  up  to  make  dresses  and  other  articles  of  apparel, 
and  nylon  waste  of  all  kinds  was  eagerly  snatched  upo 


DuPont  has  made  every  effort  to  keep  production  and  demand  in  SDine 
semblance  of  lalance,   and  is  now  engaged  in  the  eighth  major  expansion  of  nylon 
production  facilities  since  the  war»     Even  this  has  been  insufficient  to   supply 
the   demand j   and  whole  fields  of  application  have  been  neglected  dne  to   the  irapossibility 
of  diverting  any  of  the  product  from  established  outletso 

The  raw  materials  (intermediates)  required  by  DuPont 's  nylon  Operations 
come  from  plants  located  at  Orange,  Texasj  Victoria,  Texasj   and  Niagara  Falls. 
Spinning  plants  are  located  at  Seaford^   Delawarej  Martinsville,    Virginiaj   and 
Chattanooga,  Tennessee,  .  '     ' 

In  I95I5,   the  CSierastrand  Corporation  was  licensed  to  manufactüre  nylon 
and  started  to  construct  at  Pensacola,  Florida,  the  first  completely  integrated 
plant  ever  built   for  the  production  of  nylon»     More  recently,  Allied  Chemical 
announced  its  intention  of  buildlng  a  plant  for  the  production  of  Nylon  6,   a 
nylon  — type  fiber,   at  Bermuda  Hundred^  Virginia,   and  American  Enka  plans  to 
build  a  small  plant   for  the  nanufacture  of  Ifylon  6  at  Enka,    North  Carolinao 

Sicouraged  by  the  warm  reception  accorded  nylon,    the  textile  industiy 
has  demanded  additional  new  fibers  having  a  whole  spectrum  of  unusual  properties 
to   enable  new  fabrics  and  styles  to  be    developed  for  the   discriminating  retail   trade. 
As  not  all  of  the  properties  required  were  available  in  natural  fibers,   or  in  the 
synthetic   fibers  already  on  the  market^  large  research  and  development  programs  were 
initiated  by  chemical  and  fiber  companies  to  meet  these  demands, 

The  fruits  of  these  endeavors  have  been  making  the  headlines  for  the  past 
two  years,  ushering  in  a  new  era  in  an  industry  older  than  the  pjrramids.     ¥ith  the 
broad  ränge  of  properties  available  in  the  new  synthetics,   and  the  alraost  infinite 
varieties  that  can  be  created  by  the  skillful  blending  of  these  new  fibers  with 
natural  fibers  and  the  established  synthetic  fibers,  the  textile  industry  is 
looking  forward  confidently  to  the  development  of  a  host  of  new  apparel  and 
other  consumer  items  in  which  new  styling,    comfort,   and  durability  Standards  will 


be  attained.     For  the  chief  consumer  appeal  of  these  new  synthetics  is  ttjat  they 
will  bring  the  quality  associated  mth  the  luxury  fibers  in  the  past  -within  the 
reach     of      everyone. 

So  intense  has  been  the  public' s  interest  in  these  new  fibers  that  raany, 
such  as  Orion,   Dacron,  Acrilan,    and  c^el,   became  household  words  befqre  they  appeared 
on  the  market  in  any  substantial  quantitieso     And  the  end  is  not   in  sight  as  other 
Chemical  and  textile  companies  get  on  the  bandwagon,      Cyanamid  (X-5l),   Eastman 
(M-2ii)5   Industrial  Rayon j  Goodrich^  and  Aliied  Chemical  are  known  to  have 
acrylonitrile  fibers  in  various  stages  of  development,   and  some  may  be  expected 
to  be  available  in  commercial   quantities  in  the  near  future» 

Acrilan,  Orion,  and  dynel  are   spun  from  acrylonitrile  polymers  and  copolymers 
and  are  commonly  referred  to  as  acrylic  fibers«,     Acrylonitrile  is  raanufactured 
firom  ethylene  oxide  by  Cyanamid  at  Wamers,  New  Jersey,  and  by  Carbide  and  Carbon 
at  South  Charleston,  West   Virginia«     Monsanto  obtains  acrylonitrile  fi-ora  acetylaie 
at  Texas  City,  Texas,   and  Cyanamid  is  buildlng  a  second  acrylonitrile  plant  near 
New  Orleans» 

Dacron  is  a  polyester  fiber,  presumably  derived  from  the  reaction  of  terephthalic 
acid  mth  ethylene  glycolo     A  similar  fiber    Is  being  produced  on  a  small  scale  in 
England  and  sold  under  the  name  of  Terylene»  -      -  •.;  ■ 

Acrilan  is  produced  in  staple  form  in  the  new  Chemstrand  plant  at  Decatur, 
Alabama« 

The  DuPont  plant   for  the  production  of  Orion  in  both  continuous  filament 
and  staple  forms  is  located  at  Gamden,  South  Carolina«    -  , 

Carbide  and  Carbon  has  a  dynel  plant  at  Charleston,  West  Virginia,   and 
has  recently  announced  plans  for  the  construction  of  a  much  larger  plant  at  Spray,      ^ 
North  Carolina« 

DuPont  is  just  completing  a  large  plant  for  the  production  of  Ifecron  at 
Kinston,   North  Carolina,    and  has   discontinued  its  pilot  plant  production  of  Dacron  at 
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Seaford,  Delaware,     The  Kinston  plant  will  produce  both  continuous  filament  and 
staple  Dacrono 

Although  produced  by  different  companies  and  by  different  processes,  these 
new  synthetic  fibers   share  certain  properties  in   common»     They  have  excellent 
warmth  and  warm-to-the-touch  factors,   and  hence  should  find  widespread  application 
in  the  apparel  field,    such  as  in  men' s  and  woraen' s  suitings  and  outerwear,   in         .  •      ■ 
blankets,     and  in  pile  fabricso     They  are  not  attacked  by  moths,   mold,  mildew, 
or  insecuSj  which  is  of  great  consumer  interest  in  view  of  the  one  hundred  million 
dollar  annual  loss  resulting  from  moth  damage  alone  in  this  country,     These  fibers 
do  not  absorb  moisture  to  any  appreciable  extent  and  hence  garments  fabricated 
frora  them  can  be  given  semi-permanent  heat-set  creases«     This  facto r  also  contributes 
to  their  wrinkle  resisting  properties,     They  have  low  specific  gravities,  which 
results     in  bulk  without  weight   for  excellent   covering  power,, 

With  these  desirable  properties  as  a  base,   each  fiber  then  develops  its 
o'tm  individuality  through  the  possession  of  certain  unique  properties,    such  as 
ease  of   dyeing  and  processability,  unusual   styling  characteristics,    desirable 
hand,   and  the  like«,     Each  has  important  contributions  to  raake  to  the   style- 
conscious  and  quality-conscious  textile  market» 

The  following  list  of  outstanding  properties  was  recently  compiled  by  the 
Robert  Shook  Associates  in  a  survey  of  the   synthetic  fiber  field. 

Fiber  Outstanding  Property 

Nylon  Abrasion  resistance. 

Orion  High  bulk» 

Dacron  Great  resilience. 

Acrilan  Bulking  power,    dyeing,   and 

resistance  to  pilling. 

dynel  Resistance  to  buming. 


As  the  majority  of  the  new  sjrnthetic  fifeers  are  being  used  in  the  form 
of  blends,  a  brief  siunmary  of  the  desirable  prcperties  which  rcay  be  imparted  to 
the  finished  fabric  by  the  use  of  certaln  of  these  fibers,    such  as  Acrilan,    or  one 
of  the  other  acrylic  fibers,   is  of  interest.     A  recent  survey  has  indicated  that 
the  following  plus  values  can  be  obtained  by  the  use  of  one  or  more  of  the  synthetic 
fibers  in  blends  containing  natural  fibers  or  the   semi-synthetic  fibers. 

lo     Improved  wear  resistance 
2o     Day-long  freshness 
3o     Life-long  appearance 
ho     Improved  launderability 
.   ■  ■'  So     Quick   drying 

6e     Warmth  without  weight» 
The  use  of  synthetic  fibers  is  growing  at  a  rapid  rate,  the  only  limitation 
at   the  present  time  being  the  supply  of  raw  materials  and  insufficient  production 
capacity»     The  19^2  consumption  was   2^0  million  pounds,   equivalent  to  h%  of  our 
total  fiber  consumption. 

The  President' s  Materials  Policy  Committee  recently  published  the  following 
estimate  of  synthetic  fiber  production  in  this  country  for  i960  and  1975. 

Consumption  in  Millions  of  Pounds 
Fiber  i960  1975 

Nylon  300  800 

Acrylics  325  1,200 

Dacron  l50  1,000 

Miscellaneous  200  1,000 

975  ii,000 

Althougtx  most    textile  technologists  will  regard  the  1975  estiraates  as 
excessive,  the  production  of  synthetic  fibers  is   expected  to  increase   several— 
fold  between  now  aid  1975o 
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The  present  selling  prices  of  synthetic  fibers  in  staple  form  (average 
deniers  and  staple  lengths)  is  given  in  the  following  table. 

Staple  Fiber  Selling  Price  -  Dollars  per  Pound 

Orion  1.90 

Dacron  1.90 

Acrilan  lo85 

Nylon  ■     ■    ,  lo70 

dynel  1.28 

The  19^2  consumption  of  all  fibers  in  this  country  was  as  followst 

Weight 

% 
Basis 


Fiber 
Cotton 


Millions 

of 

Pounds 


hyhl9 


Rayon  (and  Acetate)       l,lii6 


Wool 

Synthetic 

Silk 


,    1*68 
260 

7_ 

6,360 


71 

18 

7 

h 

100 


Dollar 

Value 
Basis 

Variation 
from  19^1 
Weight  Basis 

19 

■  -9%       ■ 

21 

'-3 

20 

-6 

10 

'17 

_ 

_ 

n  nn 

An  outstanding  factor  in  the  grdwing  use  of  sjnithetic  fibers  is  price 
stabilityo     Wocl,   ■which  was  priced  at  $lo65  per  pound  in  19U8,   jumped  to  $1|»00 
shortly  after  the  outbreak  of  the  Korean  war,    dropped  to  $3.00  by  the  end  of 
19^0,   and  is  now  selling  for  $lo70.     Rayon  during  the  same  period,    fluctuated 
in  price  between  the  narrow  limits  of  36  to  liO^  per  pound,  and  nylon  was   even  more 
stable  in  priceo      Eksed  on  readily  available  chemical  raw  materials,   the  new 
synthetic  fibers,   such  as  the  acrylic  fibers,  undoubtedLy  will  be   quite  stable 
in  price  and  will  have  a  stabilizing  influence  on  the  price  of  other  fibers«     The 
stabilizing  influence  of  sjmthetic  nibber  upon  the  price  of  natural  rubber  is  an 
outstanding  example  of  what  can  be  accomplished  in  this   direction. 


Another  advantage  furthering  the   development  of  the  new  synthetic  fibers 
is  uniforrnity-o     Made  under  rigidly  controlled  operating  conditions  from  raw  materials 
of  unvarying  quality,  they  can  be  produced  to  meet  the  precise  specifications  required 
by  the  fabric  and  apparel  industrieso     As  further  experience  is  gained  in  their 
production^  it  .is  expected  that  even  more  rigid  specifications  can  be  met» 

Synthetic  fibers  are   derived  almost   entirely  from  natural  gas,   petroleura,, 
limestone,    salt,   and  other  readily  available  raw  materialso     Ifei  is  thus  tuming 
increasingly  from  agricultural  products  to  minerals  for  his  clothing  and  other 
fiber  and  fabric  needs»  ' 

Using  the  acrylics,  the  fastest  groiäng  fiber  family,  as  an   example, 
acrylonitrile  is  first  manufactured  from  natiiral  gas  by  a  series  of  four  reactionso 
The  light   straw-colored  liquid  is  then   shipped  to   the   synthetic   fiber  plant,   where 
it  is  polymerized  to  form  a  solid  material  composed  of  long,  thread-like  molecules. 
The  polymer  then  is  dissolTed  in  a  suitable  solvent,   pumped  through  minute  orifices, 
dried,    crimped,    cut  and  baledo 

A  pound  of  Acrilan   can  be  obtained  from  125^  cubic   feet  of  natural  gas 
(raethane)  and  500  cubic  feet  of  air«     Assuming  a  straight-through  process,   approximat ely 
8  hours  is  required  to   convert  the  natural  gas  to  Acrilan  staple» 

Three  general  types  of  spinning  are  employed  in  the  production  of  s^mthetic 
fibers,  namely,  melt   spinning,   wet   spinning,    and  dry  spinning»     In  melt   spinning, 
which  is  used  in  the  production  of  nylon,   the  polymer  is  melted,  f orced  through 
minute  openings  in  a  spinerette,   and  solidified  in  a  chimney  to  form  filaments 
by  a  blast  of  cold  air  or  gaso     The  wet  and  dry  spinning  processes  start  out  with 
a  Solution  of  the  polymer  in  a  suitable  solvent,   but  in  the  former  the  Solution 
is  forced  through  a  spinerette  into  a  coagulating  bath,   ■i\iiile  in  the  latter  the 
fibers  discharge  from  the   spinnerette  into  a  chimney  where  a  blast  of  hot  air 
or  gas  serves  to  remove  the   solvent»     Rayon  is  produced  by  the  wet   spinning  process 
and  acetate  by  the   dry  spinning  process« 


Synthetic  fibers  are  produced  in  the  form  of  monofilaments,    continuous 
irailtifilaments   (yam  and  tow),   and  staple.      Staple  is  coinmonly  produced  in  1  l/2 
to  S  denier  types,   andwith   staple  lengths   from  1  l/2  to  5  inches« 

The  capital  Investment  required  per  annual  pound  of  staple  fiber  production 
ranges  from  $1,00  to  llo^Oj  while  the  corresponding  Investment  for   continuous 
filament  production  ranges  from  $2«00  to  $2o^0o      It  has  been  estimated  that 
$i;0  million  is  required  to  place  a  new  fiber  on  the  market  on  a  plant-scale 
Operation  basis,   and  $1^0  millicn  is  required  to  construct  and  operate  a  fiber 
plant  for  the  production  of  $0  million  pounds  of  fiber  per  year,  including  the  cost 
of  the  auxiliary  plants  for  producing  the  chemical  raw  materialso 

The  synthetic  fiber  industry  is  almost  exclusively  a  southern  industryo 
With  one  or  two  exceptions,   all  of  the  synthetic  fiber  plants  now  in  Operation^ 
or  in  the  course  of  construction^    are  located  in  the  South,   and  all   of  the  recently 
announced  new  plants  are  to  be  bullt  in  the  same  area«     The  South,   in  fact,   is  the 
only  logical  location  for  the   industry,     The  basic  raw  materials  for  the  production 
of  synthetic  fibers  are  largely  obtained  from  the  petrochemical  plants  situated 
on  the  Texas   Gulf  coast^   and  the  synthetic  fibers  so  produced  are  converted  to 
finished  textiles  in  the  spinning,  weaving,   and  finishing  mills  located  in  the 
southeasto 

The  southern  chemical  industry  rests  on  a  firm  and  secure  basis  from  a 
raw  raaterial  standpoint,     The  South  has  a  wL de  variety  of  minerals  and  mahy  are 
available  in  very  substantial  amounts»     The  total  value  of  all  minerals  produced 
in  the   South  in  1950  was  h  l/2  billion  dollars,   or  liU^  of  the  nation's  total, 
More  than  half  was  produced  in  Texas,   and  petroleum  accounted  for  7Q%  (3  l/2 
billion  dollars)   of  the  total«      Goal  and  petroleum  together  amounted  to  90^ 
(1;  billion  dollars)   of  the  overall  mineral  production«  ,- 

The  total  southern  production  of  petroleum,   its  most  iraportant  mineral 
resource,  was  1,7  billion  barreis,   equivalent  to   66^  of  the  nation's  total  in  195l« 


Present  proven  reserves  of  oil  in  the  United  States  amount  to  approxirnately 
32  billion  barreis ,   of  which  the  South  has  about  705^, 

On  the  basis  of  the  present  rate  of  consuraption,  which  has  been  rising 
steadily  and  rapidly,   present  proven  reserves  of  oil  are   sufficient  for  13  3'"ears. 
To  offset  this^   riew  reserves  are  constantly  being  dlscovered  and  for  the  past 
twenty  years  proven  reserves  have  increased  steadily  despite  rapidly  rising 
consumption» 

The  production  of  natural  gas  in  the  South  now  amounts  to  6  trillion 
cubic  feetj    75^  of  the  total  production  in  the  country»     In   dollar  value,   it  is 
the  South' s  second  most  important  niineral,      Kiowi  reserves  icill  last   for  2^  years 
at  present  rates  of  consumption,   and  approximately  80^  of  the  reserves  are  located 
in  the  South, 

By  19^0,   the  South  had  2^%  of  the  chemical  manufacturing  plants  in  the 
country,   32 o5^  of  all  persons   engaged  in  the  chemical  industry,    31o6^  of  cheraical 
income^   payrolls,   and  profits,   and  32^  of  the  cheraical  sales  of  the  country,, 
Substantially  every  large  chemical  Company,   including  such  giants  as  DuPont, 
Carbide  and  Carbon^  Allied,  Monsanto^   and  DoxJj  now  has  one  or  more  plants  in 
the  Southo     As  a  clear  indication  of  the  trend,  DuPont,    the  world' s  largest 
chemical  Company^   has  nearly  half  of  its  total  investments  and  inventories  in 
the  Southo 

Parelte''ling  this  rapid  development  in  chemical  manufacturing  facilities, 
which  proviae  the  raw  materials  for  the  production  of  synthetic  fibers,   was  the 
growth  of  the  textile  "industry  in  the   South,     Originally  a  New  England  industry, 
more  than  80^  of  the  cotton  spindles  and  70^  of  the  looms  are  now  located  in 
Southern  states,     Southern  mills  process   QQ%  of  all  of  the  cotton  used  in  this 
country,    employlng  more  than  ^00,000  workers  in  1000  textile  mills c     Wages  and 
Profits  arnount  to  more  than  $3  billion  per  year,   and  the  sales  volurae  is  over 
$7  billion  per  year,     The  textile  industry  is  the  South 's  most  important  industry. 


North  Carolina,  now  the  heart  of  the  industry,  has  2'?  per  cent  of  the 
nation's  23  l/2  million  spindles,   followed  by  South  Carolina  with  2ij^,  and 
Georgia  väth  13%o     Plants  in  the  woolen  and  worsted  industry  are  moving  to  the 
same  areas  in  ever  increasing  numberso 

liihen  präsent  synthetic  fiber  plants  now  under  construction  have  been 
completed,    frora  20,000  to   30,000  new  looms  i^ill  be  required  to   convert  the  fiber 
into  fabrico     The  South  will  be  in  a  very  good  position  to  handle  this   increased 
Folume  of  businesso     Over  $500  million  was  expended  in  the  South  in  19^2  to  expand 
textile  tnill   capacity  to  process  an  additional  UOO  million  pounds  of  fiber  per 
year» 

The  textile  producing  and  processing  Industries  now  consume  approximately 
2$%  of  all  of  the  industrial  chemicals  produced  in  this   country,   and  this  proportion 
undoubtedly  will  increase  as  more  of  our  fiber  requirements  are  obtained  by  the 
use  of   Chemical  raw  materialso 

The  synthetic  and  semi-s^mthetic  fiber  Industries  alreacfy  have  grovjn  to 
large  proportionso  Total  sales  are  in  excess  of  one  billion  dollars,  and  plant 
Investments  have  almost  reached  the  same  amounto  Raw  raaterial  purchases  amount 
to  500  million  dollars  per  year^  and  the  yearly  payroll  is  in  excess  of  2^0  million 
dollars o  It  has  been  freely  predicted  that  the  manufacture  of  synthetic  fibers 
will  become  one  of  the  South' s  most  important  Industries. 
The  Need  for  Synthetic   I^bers 

Synthetic  fibers  are  required  in  ever  increasing  quantities  to  clothe  the 
people  in  the  world  cue   to   increasing  competition  between  food  and  fiber  crops 
for  available  land»     The  past  three  centuries  have  witnessed  a  phenomenal  grovrth 
in  World  populationo      Estiraated  at  liOO  million  in  161(0,   it  is  now  approximately 
2  l/h  billion  and  is  increasing  at  the  rate  of  1%  per  year.     This   has  been  ac- 
corapanied  by  an   equally  rapid  decline  in  the  amount   of  land  adapted  to   food  and 
fiber  production   diie  to  erosion,  improper  use,  and  overcultivation,     The  available 


arable  land  on  the  globe  is  now  estimated  at  not  more  than  2  l/2  billion  acres^ 
or  slightly  more  than  one  acre  per  persono     As  a  result,   over  half  of  the  people 
in  the  world  go  t o  bed  hungry  each  night»  ■  •    " 

The  total  world  fiber  consumption  during  the  past   f ew  years  has  tended 
to  outrun  production»      In  fact^   the  supply  of  natural  fibers  vrould  have  been  inadequate 
to  meet  our  textile  needs  if  substantial  quantities  of   serai-sjrathetic  and  synthetic 
fibers  had  not  been  availablso 

The  World  production  of  the  four  principal  textile  fibers  -  cotton,   raycn, 
wool^    and  silk  -  was  18  l/It  billion  poimds  in  19^0,   the  last  year  of  free  econoir^r 
before  the  Korean  War,     This   is  identical  mth  the  world  production  of  the   same 
fibers  in  1936,    despite  an  increase  in  the  production  of  sjnithetic  fibers  from 
1/3  to   3  1/2  billion  pounds   during  the  same  period»     As  world  population  has 
increased  substantially  during  this  period,  the  overall  fiber  supply  would  have 
been  inadequate  to  take  care  of  the  needs  of  the  people  if  the  production  of  synthetic 
fibers  had  not   increased  at  a  rapid  rate   during  the  same  periodo 

In  the  United  States,  natural  fibers  seem  to  be  approaching  the  upper  limit 
of  productivity  due  to  increasing  corapetition  with  food  crops»     Cotton  production, 
in  particular,    seems  to  be  leveling  off  at  l5  million  bales  per  yearo     Despite 
every  inducertient  by  the  U»   So  Department  of  Agriculture  to  produce  17  million 
bales  of  cotton  in  1901,    and  I6  million  bales  in  19^2,    only  l5  million  bales 
were  ginned  each  jeaxa     This  could  develop  into  a  serious  Situation  if  synthetic 
fibers  were  not  available  as  population  growth  will  5  icrease  our  total   fiber 
requirements  in  the  apparel  and  household  fieldsalcne  by  the  equivalent  of  a 
million  bales  every  h  l/2  years <,  '  .       ^. 

The  wool  industry  is   faced  with  an  even  more  serious  problem»     Since  the 

end  of  World  War  11^  world  wool  consumption  has  exceeded  wool  production  by  1  l/2 

billion  poundSo  ' 

I, 
This  Situation  is  brought  into   sharp  focus  by  trends  in  the  United  States« 
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In  1870,  there  were  as  many  sheep  as  there  were  persons  in  this  coimtry  -  üO  million 
of  each.    By  19^0,   the  human  population  had  increased  to  over  150  million,  while  the 
sheep  population  had  declined  to  28  million.     In  other  words,   the  ratio  between  sheep 
and  people  in  the  United  States  had  declined  from  1:1  in  I87O  to  1:5  in  19^0, 

The  production  of  domestic  wool  has  been  declining  for  the  last   decade  and 
is  now  hO%  less  than  it  was  in  19l;2»     As  a  result,   the  ms^jor  portion  of  our  wool 
requirements  raust  be  imported»     In  19^2^  we  consumed  h68  million  pounds  of  wool, 
biit  produced  only  120  million  pounds,     This  means  that  three  out  of  every  four  pounds 
of  wool  consumed  in  this  country  last  year  were  produced  in  other  countrieso  '■ 

Additional  quantities  of  fibers  must  be  pf"ovldt;d  to  raeet  the  needs  of 
the  gromng  population  in  this  country,   which  is  increasing  at  the  rate  of   7,1400 
per  day,   or  2   3/h  million  per  year»     This   increased  fiber  production  must     come 
from  the  synthetic  fiber  industry^   as  the  quantity  of  land  available  for  natural 
fiber  production  is  steadily  declining, 

It  requires  approximately  2  l/2  acres  of  land  per  person  to  maintain  our 
present  Standard  of  living,      By  i960,   it  is  estimated  that  there  x-Jill  be  less  than 
2  1/2  acres  of  arable  land  for  each  person  in  this  country,    due   to  increasing 
population  c|,nd  declining  acreage  resulting  from  iraproper  land  use  and  erosion. 
The  pressure  for  foodstuff  production  then  will  even  further  reduce  the  acreage 
available  for  growing  fibers»  . ,  , 

The  United  States  will  need  120  million  more  acres  of  arable  land  by 
1975o     As  only  30  million  acres  can  be  obtained  by  draining,   Irrigation,  and  ' 

Clearing,   the  rest  must  be  obtained  by  increasing  yields  and  by  increasing  conversion 
of  land  from  fiber  production  to  food  production, 

The  1950  consuraption  of  fibers  in  this  country  was  6<>li  billion  pounds, 
equivalent  to  a  per  capita  consumption  of  3li  pounds   (22ol  pounds  of  cotton, 
7  pounds  of  semi-syntheitc,    3<.2  pounds  of  wool,  and  1„5  pounds  of  s^mthetic). 
At  this  rate  of  consumption,   100  million  pounds  of  additional  fibers  will  be 


required  each  year  to  ineet  the  textile  requirements  of  our  growing  population. 
Increasing  amounts  imdDubtedly  also  viill  be  required  to  take  care  of  increased 
per  capita  consumption  of  fibers« 
The  Qutlook  for  Synthetlc  Fibers 

Having  pointed  out  the  need  for  increasing  supplies  of  fibers  for  use  in 
textile  and  other  applications,   one  is  tempted  to  ask  why  more  corapanies  are  not 
investigating  the  possibilities  in  thj s   field»     The  answer  is  not  hard  to  find. 
Large  sums  of  money  are  required  for  research  an^'    ''evelopinent  purposes,   initial 
plant  investment  costs  are  unusually  high,  and  the  prod-'ict  raust  be   sold  in  a  very 
volatile  and  unpredietable  market o 

The  synthesis  of  a  new  fiber  is  a  relatively  easy  task,   but  to  select  the 
proper  one  for  coinraercial  exploitation  is    eirtreraely  difficult»     The  route  from  the 
laboratory  to  the  large  scale  production  of  fabrics  and  finished  garments  is  a 
very  hazardous  one,   and  the  developraent  of  a  new  synthetic  fiber  involves  many 
riskso     The  early  histcry  of  the  rayon  and  acetate  industry  is  littered  with 
the  wreakage  of  companies  which  attempted  to   engage  in  the  manufacture     of 
these  new  fibers. 

The  research  and  development  costs  required  for  a  new  fiber  can  easily 
amount  to  $10  million  or  moreo     This  is  not  an  excessive  estimate  as  DuPont  has 
stated  that   some  $2?  million  has  been  expended  in  nylon  research  alone.     Since 
it  is  very  difficult  to   explore  the  market  fully  on  anything  less  then  füll  scale 
production,  the  initial  plant  may  cost   from  $30  to   $50  million  and  require  another 
$20  million  as  working  capital,     The  total  investment  in  the  project   can  easily 
amount  to  $70  milliono     As  a  matter  of  fact,   it  has  been  said  that  the  first 
pair  of  nylon     stockings  represented  an  Investment  of  some  $70  million.     If 
intermediate     manufacture  is  required,   the  total  may  be  increased  by  50  to  100^. 
The  modern  synthetic  fiber  industry  is  a  field  for  giants,    and  can  be  entered 
only  with  great  risk  and  courage» 
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The  marketing  of  synthetic   fibers  is  a  hazardous  vindertaking,    due  to  the 
unpredictable  nature  of  the  textile  indiistry,     Pilot  plant  Operations  usually 
are  not  extensive  enough  to  give  a  true  picture  of  the  processing  character-istics 
of  tho  fiber^  xjhieh  is  quite  important  from  the   standpoint  cf  economical  mill 
Operations^   and  sales   development  on  this   scale  can  be  dangerously  misleading. 
One  is  then  forced  to  chcose  beti7een  inadequate  market  sampling  at  a  reasonable 
eostj   er  a  complete  market   evaluation  on  a  large  scale  produetion  basis«      In  the 
last  analysis^    extensive^   large-scale  testing  of  the  market  raust  be  conducted. 

In  view  of  these  considerationsj   only  those  compenies  'Jith  a  long  record 
of  successful  Operation,  adequate  financial  backing,   and  experience  in  the .textile 
fieldj   or  in  related  fields,  may  be  expected  to  engage  in  the  large  scale  produetion 
of  synthetic  fibers.      Fort.unately  a  sufficient  number  of  such  companies  are 
engaged  in  synthetic  fiber  produetion  at  the  present  tirae  to  insure  an  adequate 
supply  of  fiber  to  meet  all  of  the  needs  of  o"ar  expanding  economy« 
The  F^atur e  of  Industrial  Chemical  Research 

In  the  past,  the  explorer,  the  empire  builderj  and  the  railroad  magnate 
have^  in  tum,  striven  to  x\äden  man's  horizon  and  provide  a  better  x-jay  of  life. 
Chemistry  is  the  last  great  fY-cntier. 

It  is  not      difficult  to  predict  that  academic  researeh  and  industrial 
Chemical  researeh  iri-ll  continue  their  fruitful  par'tnership  to  provide  for    the   ever 
increasing  needs  of  our  advancing  ci^/ili'sationo     That  they  mll  make  the  luxuries 
of  today  the  cornmonplace  items  required  by  the  average  person  of  tomorrow  is  to  be 
expected  on  the  basis  of  their  Performance  in  past  years» 

Tille  may  confidently  expect  that  increasing  emphasis  will  be  placed  on  the 
improvement  of  agriculture  through  the  use  of  cheraical  ferbilizers,    soll  conditioning 
agents,  herbicides,  insecticides,   and  similar  materials  in  order  to  increase  the 
Output  of  food  and  fiber  to  meet  the  needs  of  our  growing  population,     The  develop- 
ment of  more  and  better  synthetic  fibers,   plastics,  and  rubbers  x-jill  be  required 
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in  Order  to  pro vi de  more  acreage  for  the  production  of  foodstuffs. 

The  developraent  of  new  and  iraproved  processes  for  the  isolation  of  itietals 
from  low  grade  ores  to  replace  our  vanishing  supplies  of  high  grade  ores  will  be 
accelerated.     The  ocean  will  be  increasingly  mined  for  metals  and  chemicals. 

The  production  of  chemicals  from  petroleum  and  natural  gas  will   continue 
at  an  accelerated  pace,   and  processes  for  the  production  of  liquid  fuels  froin 
shale,   coal,   and  other  carbonaceous  sources  will   develop  into  large-scale  enter- 
prises. 

VB.th  the  increasing  application  of  scientific  principles  to  solve  our 
industrial  probleras,  we  may  look  foreward  to  the  future  with   confidence,   secure 
in  the  knowledge  that  a  continuing  improveraent  in  our  way  of  life  tJill  result. 


-62- 
The  Hole  of  Applied  TIatheTnatics  in  Scientific  and  Engineering  Research 

.   ..  .  Friedrich  0„  Kingleb     ;.-        .-.  v        .^''^ 

The  denotation  "applied  mathematics"  seems  to  indicate  that  there  exist  special 
fields  T/ithin  the  total  area  of  mathematics  which  are  connected  only^  or  at  least 
mainly_,  ?;ith  applications „  There  have  been  combined^  indeed^  under  this  denotation 
several  fields  in  academic  courses  and  textbooks^  such  as  nimerical  and  graphical 
methcds^  nomography^  vector-  and  tensor-analysis,  descriptive  geometry^  theory  of 
probability^  statistics  and  others,  Kowever^  all  of  these  fields  belong  in  fact 
to  the  field  of  pure  mathematics^  There  is  no  basic  difference^  for  instance^ 
whether  an  algebraic  equation  is  solved  in  general  syrnbols  or  numerically  in  a  special 
caseo  The  procedure  of  Solution  is  in  both  cases  a  purely  mathematical  one  and  the 
numerical  equation  represents  no  specific  application  as  such,  Vector  analysis  is 
both  a  method  of  anslytic  geometry  and  a  sj/mbolical  method  belonging  to  the  field  of 
pure  mathematics  o  On  the  other  hand^,  there  is  no  field  of  m.athem.atics  which  has  been 
applied  more  frequently  to  protlems  of  science  and  engineering  than  differential  and 
integral  calculus.  It  is  odd  enough  that  nobody  has  denoted  this  field  as  "applied 
mathematics o" 

In  factj  there  exists  no  field  Y<-hich  can  be  called  "applied  mathematics,"  There 
exists  on  the  one  side  only  the  purely  Spiritual  world  of  mathematics 5  an  ideal  and 
completely  unreal  creation  of  the  human  spirit^  and  on  the  other  side  the  real,  material 
World  of  na tural  phenomena,   However^  there  exists  also  an  analogy  between  these  two 
worlds , 

This  means  that  to  any  natural  phenomenon  can  be  coordinated  a  mathematical  pro- 
cess  which  runs  parallel  to  the  natural  process  and  which  has  the  character  of  an 
isomorphism  in  the  language  of  the  abstract  algebrist,   It  is  not  intended  nor  possible 
to  discuss  this  conception  here  in  general  terms,  The  meaning  of  such  coordination 
mll  be  understood  more  easily  by  considering  some  examples » 

Application  of  mathematics  to  a  problem.  of  science  or  engineering  is  equivalent 
to  the  establishment  and  discussion  of  a  mathematical  analogy,  It  is  very  interesting 
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that  we  feel  we  are  not  able  to  describe  correctly  and  to  understand  a  natural  pheno- 
menon  without  such  an  analogy„  Only  if  vre  restrict  ourselves  to  a  qualitative  descrip- 
tion  of  the  nature  of  the  phenoraenon  may  we  be  able  to  avoid  it.  As  soon  as  we  enter 
the  field  of  exact  science,  however^  which  means  quantitative  description  of .the 
nature  of  the  phenomenon,  the  matheinatical  analogy  appears  automatically  by  itself . 
A  set  of  measurements,  for  instance,  means  the  establishment  of  a  set  of  numbers 
and,  therewith,  a  mathematical  analogy,   If  the  engineer  plots  a  measurement  on  graph 
paper  and  draws  a  curve  through  the  measured  points,  he  establishes  a  mathematical 
analogy,  The  curve  is  the  geometrical  analog  to  the  measured  natural  process, 

The  mathematical  analogy  enters  the  field  of  exact  science  alreadywith  the 
formulation  of  the  basic  conceptions,  definitions  and  laws,  The  motion  of  a  point 
X  along  a  straight  line  can  be  defined  only  by  a  function  x  =  f(t),  The  conception 
of  the  velocity  v  can  be  defined  only  by  using  the  mathematical  conception  of  the 

derivative 

dx 
dt 

The  acceleration  "a"  of  the  point  x  can  be  defined  only  by  the  mathematical  analogy 

d2x 

Newton 's  law  that  force  equals  mass  times  acceleration  is,  therefore,  not  conceivable 
without  mathematical  analogy,  This  law  could  not  be  understood  and  therefore  could 
not  be  f ound  m  thout  a  mathematical  analogyo 

Let  US  consider  novf  some  examples  of  mathematical  analogies  which  we  will  choose 
out  of  the  field  of  mechanics,  A  mass  point  m,  for  instance,  is  supposed  to  move 
within  a  straight  line  (see  Fig,  l)  under  the  action  of  a  force  F  which  varies  in 

a  given  way  with  the  tiire  t  ,   with  the  position  x  of  the  mass  point  and  with  its 

dx  dx 

velocity  -TT   o  So  the  force  F  is  a  given  function  of  t  ,  x  and  -rr     and  the 

equation  of  motion 

is,  according  to  Newton 's  law,  ^^^^yi  ^^      =  -^ f  &    ?C      j —  ) 
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This  is  an  ordinary  differential  equation  of  second  order  for  the  imkno'vvn  function 

X  =  f(t)    ■     .   ,    ^  ,       (2) 
which  describes  the  motion  of  the  mass  m  under  the  action  of  such  force,  The 
differential  equation  is  of  a  quite  general  type.  So  vre  can  state:  the  mechanics 
of  a  mass  point  m  moving  in a  straight  line  under  the  action  of  a  force  which 
depends  on  the  time^  the  position  of  the  mass  and  its  velocity,  is  an  analog  to  the 
theory  of  an  ordinary  differential  equation  of  second  order,  and  inversely,  Every 
mechanical  problem  of  this  type   corresponds  no?;  to  a  mathematical  problem  conceming 
an  ordinary  differential  equation  of  second  order,  and  every  theorem  valid  for  such 
a  differential  equation  can  be  interpreted  as  a  mechanical  phenomenon  of  a  mass 
point  moving  in  a  straight  line. 

The  fimction  F  =  F  (t,  x,  -nr)  is  supposed  to  be  a  real  function  of  the  variables, 
of  course,  The  differential  equation^  however,  must  not  have  a  real  Solution 
X  =  f  (t)c  If  the  mathematical  investigation  shovj-s  that  such  a  Solution  does  not 
exist,  it  is  proved  that  a  mechanical  sj'-stem  defined  by  the  function  F  is  impossible 
in  reality, 

If  F  is  any  given  function  it  ¥d.ll  be  impossible  in  general  to  solve  the 
differential  equation  (1)  in  a  closed  form„   However,  there  are  tyves   of  function  F 
for  which  the  equation  can  be  solved  by  elementary  functions  and  simple  integrations. 
For  instance,  the  linear  equation 


-^^.^^Ü-^^^-'J^^^. 


the  equation  of  a  forced  Vibration,  can  be  solved  in  a  closed  form  if  A  and  B  are 
constantSo 

In  the  general  case  a  numerical  Solution  can  be  performed  always  by  numerical 
or  graphical  methods  'using,  eventually,  Computing  machines ,  However,  every  such 
Solution  is  valid  only  for  a  special  set  of  the  numerical  coefficients  of  the  equa- 
tionj  and  if  there  is  a  larger  number  of  coefficients  involved,  the  Variation  of  all 
these  coefficients  necessary  to  obtain  a  complete  insight  into  the  possible  Solutions 
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of  the  problem  mll  cause  -a  tremendous  computetional  labor,  even  if  modern  commtors 
are  used,  It  is  obvious  and  generally  acknovrledged  that  such  nuirerical  methods  can 
never  replace  the  mathematical  theory«  If  now  the  correct  mathematical  analogy  is 
too  complicated  for  a  theoretical  discussion  with  symbolical  coefficients,  this 
analogy  has  to  be  replaced  by  a  simpler  one  omitting  nonessential  features  in  the 
Problem.  In  this  way  an  appropriate  analogy  will  be  obtainedo  The  success  of  such 
a  procedura  depends  largely  on  the  skill  of  the  so-called  applied  mathematician 
who  has  to  be  ingenious  in  finding  those  unimportant  changes  which  result  in  a 
mathematically  treatable  analogy» 

In  the  case  of  problems  belonging  to  the  example  described,  and  to  many  other 
cases,  a  linearization  of  the  problem  will  be  tried  at  first,  Hov;-ever,  this  is  not 
always  possible  without  too  large  a  deviation  from  the  truth.  A  considerable  number 
of  important  problems  of  practical  m.echanics  yield,  for  instance,  equations  of  the 
type 


--^^ffM-)-f^^^-~'^^'~^ 


without  possibility  of  change  into  linear  equations,  This  field  of  non-linear 
mechanics  is  one  of  the  m.ost  modern  areas  of  research,  The  mathematical  theory  has 
to  furnish  the  Solutions  of  the  «problems  in  tiiis  field  and  .-^s  to  gM::.de  the  experi- 
mental  worko 

Let  US  consider  next  an  im.pact  problem.o  Such  orcblems  000  are  in  tne  center 
of  interest  at  the  präsent  tima»   The  example  tu  be  üisaussed  here,  however,  has 
been  treated  already  (in  the  last  Century)  by  d'Alembert,  H  is  the  axial  im.pact 
on  an  infinitely  long  elastic  bar»    '  a  ^  /' 

Impact  means  a  discontinuity         V-''^Yyyy^^-''y''yy^  '■■ ' 

in  the  velocity,  The  end  surf  acte  A  _ 

of  the  bar,  originally  in  rest,  suddenly  moves  with  the  constant  velocity  v  (see 
Figo  2)0  So  the  velocity  of  this  surface  jumps  from  the  value  zero  to  the  value  v. 
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The  surface  A  moves  during  the  time  t  about  the  amount  vt  compressing  the 
bar„  To  be  determined  is  the  stress  produced  by  this  compression.  Fe  assuine  that 
Hooke's  law^  according  to  which  the  stress  is  proportional  to  the  contraction,  is 
valid»  Vfe  denote  by  E  the  elasticity  modulus  and  by  j      the  mass  density  of  the 
material  of  the  bar,  The  compression  front  runs  along  the  bar  with  the  veloclty  c 
of  sound  of  the  material  which  is  known  to  be  ,  .,       . 


according  to  Hooke's  law,        \_.'    -r: 


cy--      .  (3) 

So  the  compression  front  has  at  the  time  t  the  distance  et  frorn.  the  original 
Position  of  the  surface  A„  Beyond  et  every  particle  of  the  bar  is  in  rest,  Only 
the  length  et  is  influenced  by  the  impact  during  the  time  t.  The  contraction  of 
this  part  et  of  the  bar  is  equal  to  vt.   The  stress  Q  ^'^   '^he  bar  is,  therefore, 

(ii)   ■■  \  / 
or  because  of  (3)  /j"  ^r  IJ" >/(^  f^  ' 

(5) 

This  is  d'Alembert's  formula  representing  the  mathematical  analogy  of  the  impact 
described  above,   It  shows  that  the  impact  stress  is  proportional  to  the  velocity  of 
the  impacto  From  a  modern  point  of  view,  formula  (ij.)  or  ■  , 

is  preferable„  Instead  of  the  constants  /    and  /^characterizing  the  material  of 
the  bar,  formula  (6)  contains  the  constants>  ,  the  elasticity  modulus,  and  c  ,  the 
velocity  of  sound,  as  constants  of  the  material.  In  this  way,  the  mathematical 
analogy  has  been  reduced  to  the  siniplest  form  which  is  possible  at  all  -  namely  to 
the  equation  x  =  y  of  tvro  variables  X=--j-and  t^  ri^- which  are  dimensionless ,   The 
first  of  these  numbers  is  the  ratio  of  a  variable  and  a  constant  stress,  the  second 
the  ratio  of  a  variable  and  a  constant  velocity,  The  last  ratio  is  called  Cauchy- 
number  and  corresponds  to  the  sam.e  ratio  in  gasdynamics,  called  Mach-number, 
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This  example  is  intended  to  show  that  greatest  simplicity  in  the  establishment 
of  a  mathematical  analogy  will  be  reached  by  the  use  of  dimensionless  variables  and 
coefficients o  This  is  the  purest  form  of  mathematical  representation  of  a  natural 
phenomenone  Such  an  analogy  does  not  contain  any  natural  units,   The  natural  process 
is  completely  arithmetized» 

The  study  of  such  dimensionless  representations  has  been  dex'^eloped  in  recent 
times  to  a  wide  and  extremely  iinportant  field  of  modern  research,  called  dimensional 
analysiSo 

There  is  hardly  any  other  more  beautiful  and  perfect  example  for  a  mathematical 
analogy  than  the  following  which  we  are  going  to  discuss  nowo  It  is  the  mathem.atieal 
representation  of  tvro-dimensionalj,  steadjr,  irrotational  flow  of  an  incompressiblej 
frictionless  medium, 

That  the  flow  is  supposed  to  be  steady^  independent  of  the  time^  tTro-dimensional 
and  irrotational  means  only  that  we  consider  a  special  type  of  flow»  The  suppositions 
however^  that  the  flow  is  frictionless  and  the  flow  medium  incorapressible  are  neglected 
Parameters  in  order  that  a  sim^pler  mathematical  analogy  may  be  obtained.  They  mean 
an  idealization  of  the  flow„  The  fricx.ion  is  now  indeed 'negligibly  small  if  the 
vslocity  gradients  perpendicular  to  the  flow  direction  are  not  too  large^  and  the 
supposition  of  incompressibility  is  satisfied  with  good  approximation  for  liquids 
and  also  in  the  case  of  gases^  if  in  this  case  the  velocity  of  the  flow  is  sm.all 
compared  with  the  yelGcity  of  soxindo   If  these  conditions  are  not  satisfied^  however, 
we  have  to  expect  that  the  mathematical  analogy  will  not  be  in  agreement  i'dth  the 
Observation» 

If  the  Position  of  the  flowing  particles  is  represented  by  the  coordinates  x^  y 
in  a  rectangular  coordinate  System^  and  if  the  velocity  components  u,  v  of  every 
particle  are  determined  as  functions  o"^  x  and  y^  the  mathematical  analogy  will  be 
establishedo  The  analysis  of  the  problem  shows  that  two  functions^  u  =  nix^y)   and 
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T  =  v(x^j)^   represent  the   velocity  components  of  such  a  flow  if .  and  only  if .,   the 


conditions       3u        ,     3  IT^  __  ^       _C^  6C    __     3  LT  _    ^ 

are  satisfiedo     These  two  partial  differential  equations  can  be  sclvedo     The  Solution 
can  be  represented  in  the  most  simple  way  if  instead  of  real  variableSc,   soraplex 
variables  are  usedo     The   result  is   thiss     we  denote  by  the  complex  variable 

^     -    ?S    -i-    '  U  (8) 

and  by     x     the  complex  variable 

If  now  ,,  ^'   /       '\  ■' 

^  (10) 

in  any  analytical  functicn  of  z  the  velocity  iomponents  u^,  v  of  a  flow  are  obtained 

U,  -  LV~  ^  diS  ^   /"  Y^  )   (11) 

Sc  the  real  and  the  negative  imaginary  part  of  the  derii/ative  of  the  functicn  f(z) 
represent  the  velocity  components  cf  a  flowo  Inversely^  every  flow  of  the  described 
type  can  be  obtained  in  thls  Tiray„  The  Imaginary  part  cf  the  functicn  f  (2)  itself 
determines  the  screamlines  cf  the  flowc,  the  lines  in  which  the  partieles  are  movingo 
For  every  streamline  is  ,  j  \ 

~     T  l   ;  //-.  constant.  (12) 

Let  US  ccnsider  some  special  caseSo  Ifj,  fcr  instance^ 

where  (j/.   is  a  real  eonstant,  vre  obtain 

or 

U  --  Ü,   ^    ir  ^O 

which  is  a  flow  parallel  to  the  x=axis  with  the  iraLoeity     \J „ 


-69- 


TrVe  have 


X    =    ^   ^    6^^    Ü^(  ?(  H-  L 


Thus 


<P-UoX      ,    iiJ=u, 


The   streamlines^   Y 


constant,  are  the  lines 
j  =  constant. 
The  flow  can  move  in  both  directions  on  these  lines.      It  is  convenient,   however, 
to  define  as  direction  of  the  flow  the  direction  of  increasing  values  of      ffl        « 
So  we  get  for  a  positive    "V^  the  floTj-  in  the  direction  of  the  positive     z  -  axis. 
Let  US  consider  further  the  functicn 

Here  we  get  .  /  .    ^  ^    y 


-^"-^ 


Ä 


The  streamlines  are  (see  Fig»  3) 

The  velocity  components  are  given  by 

Thus 

(j-SL/     \r  -     ^X.u-  ,  Fig„  3 

The  point  x  =  y  =  0  yields  u  =  v  =  0,,  It  is  a  Stagnation  point» 

In  the  general  case^  a  point  z^  is  called  a  r egular  point  of  the  function 
X  =  f(z)  if  f(z)  can  be  expanded  into  a  series  of  the  form 

If  now  (L  .    '  D  ,    the  flow  behaves  near  z^  like  a  parallel  flov;.  If  ^  ,  rs.  0   , 
the  flow  has  a  Stagnation  point  at  z  =  z^  beca\:ise  then 


,~2_ 


-h 


—   0 
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for  z  =  Zq,  If  an  expansion  of  the  form  (13)  does  not  exist  around  z^,  this  point 
is  called  a  Singular  point  of  the  function, 

The  singularities  of  a  function  require  the  utmost  consideration.  Every  function 

is  characterized  by  its  singularities,  A  function  v;ithout  singularities j,  for  instance^ 

/ 

is  a  constant:  a  function  with  one  singularity  of  the  type  y  ~y    is  a  linear  function« 

To  the  singularities  of  the  function  correspond  the  singularities  of  the  flow|  they 
define  the  singularities  of  the  flow.  So  a  flow  investigation  will  have  to  start 
with  an  investigation  of  the  flow  singularities,  Besides^  this  is  true  not  only  in 
this  case„  Always.  where  a  natural  phenomenon  is  represented  by  fimctions^  the 
singularities  of  these  functions  and  the  corresponding  singularities  of  the  .natural 
phenomenon  require  the  primary  interest  and  ofler^  principally,  the  key  for  under- 
standing  and  solving  the  oroblemo 

Let  US  consider  here^  as  an  example^  the  function 


t  -  -f(2. )  =  ./Z^  £^  ^ 


which  has  a  singularity  at  z  =  0  (and  another  one  in  the  infinity),  /  is  supposed 
to  be  a  real  constantc  "73  introduce  polar  coordinates  for  the  point  yi^j^   setting 

X'  t.   r  cos  &    ^(^  -    r  S/n  (9 


so  that 


7  , 


Thus 


WT(        )     ^   "  'j  -n'    -^'^  ^ 


ircles  r  =  constant  (see  Fig„  Ii),   The  \      .       / 


The  streamlines  are  the  concentric 


function  represents  a  vortex» 


Fig,  h 
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The  vortex  is  one  of  the  most  important  flow  singularities.  This  becomes  obvious 
if  we  consider  the  behavior  of  a  vortex  which  is  superposed  on  any  other  regulär  flow, 
This  means  that  f(z)  has  the  form 

(11.) 


has  the   form  ^   ■ 


where  g(z)  is  any  function  which  is   regulär  at  the  point     z  =  0,   having  there  the 
expansion  ( 2L  J '^    C ,   -i"    Cf  /  2^     ^i^   (2^  ^   ^^     "  - 

<7  (15) 

We  can  show,  using  a  formula  bjr  Blasius^  that  in  general  a  force  is  acting  nov;  on 
the  vortexo   The  components  X  and  Y  of  this  force  follow  from  Blasius'  formula  which 

[     '  (16) 

If,  for  instance,  g(z)  represents  a  parallel  flow 

^    C    '^)   -   Uo  Z  (17) 

we  have 


/    --^^ 


and,  therefore. 


^    -   ö^'i     -■    X^  /^  Uc     .  (18, 


This  Shows  that  the  vortex  gets  lift  perpendicular  to  the  direction  of  the  parallel 
flowo   This  special  result  is  knovm  as  the  Kutta-Joukowski  theorem  and  is  the  basis  of 
classical  aerodynamics ,  It  is  the  vortex  around  the  wing  section  of  an  airplane 
which  produces  the  lift  in  the  parallel  floWo  There  was  no  progress  in  flight  until 
this  result  had  been  derived  mathematicallyo 

But  this  is  not  the  only  T/ay  to  use  a  vortex  practically.  I'fe  are  trying  today 
to  produce  desired  flow  effects  by  producing  free-stream  vortices  and  by  keeping 
them  in  a  s table  position,  for  instance  near  a  wing  surface.  It  can  be  observed  in 
nature  that  such  vortices  exist.   Behind  a  dam  reaching  fnm  the  shore  into  a  river 
such  a  vortex  normally  forms  and  can  be  seen  turning  if  dry  leaves  cover  the  surface 
of  the  vrater.  Also,  behind  snow  cornices  on  high  mountains  such  fixed  vortices  can 
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be  observed,  It  is  relativeljr  seldom,  however^  that  a  vortex  has  a  fixed  positiono 
There  arises  the  interesting  but  difficult  problem  of  finding  stability  conditions 
for  a  vortex  or  vortices,  A  necessary  condition  follovirs  inmediately  from  fornula 
(16)0  If  a  free-stream  vortex  is  in  a  stable  position^  there  can  be  no  force  acting 
on  it,  Thus  X  and  Y  must  be  zero,   Then(;2',  has  to  be  zero^  which  means  that  the 
basic  flow  on  Tdiich  the  vortex  is  superposed^  which  is  the  flow  represented  by 


has  a  Stagnation  point  at  the  place  where  the  stable  vortex  is  situatedo 

The  vortex  is,  01  course,,  not  the  only  flow  singularity.  There  are  sources 
and  sinks  and  other  sing'alarities  of  theoretical  and  practical  importancBo   Only 
a  Short  time  ago  aerodyriaFi.ic  research  began  to  consider  the  possibilities  of  flow 
control  by  application  of  artificially  produced  flov/  singularities«  T^e  are  here 
at  the  beginning  of  a  quite  nevf  and  large  development^  and  here  even  more  than  before 
the  mathematical  analogy  mll  not  only  funnish  the  explanation  of  observed  effects 
but  also  guide  the  investigs.tion  and  experimental  vrorko 

The  same  mathematical  analog^.'  can  belong  to  different  natural  phenomenao  The 
last  exam.pie  is  such  an  analogj^„  It  belongs  in  exact  correspondence  to  a  certain 
group  of  eleetrom.agnetic  phsnomena,,  In  this  way^  the  mathematical  analogy  can  prove 
the  analogj^  of  natural  phenom.ena^  though  they  may  appear  to  be  very  different 0   The 
mathematical  analogj»-  can  be  used  also  to  solve  mathematical  nroblem.s^  for  instance 
certain  tjrpes  of  differential  equa+ions^  b};-  experim.ento   The  electronic  analog  com.pu- 
tors  are  an  exampie  for  such  procedureo 

There  is  hardly  one  field  of  science  or  engineering  where  mathematical  methods 
have  not  been  applied^  and  there  is  hardly  one  field  of  mathematics  which  has  not 
been  applied  to  science  or  engineering  problems ,  A  list  of  all  these  applications 
could  have  proved  the  tmportant  role  of  mathematics  in  modern  research  tooo  However, 
it  is  much  more  important  to  understand  the  fact  that  the  vrorld  of  mathematics  is 
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the  Spiritual  image  of  the  real  world,  \'Je   understand  then  that  the  importance  of 
mathematics  in  scientific  and  engineering  researoh  is  far  beyond  that  of  mathe- 
matics  as  simply  a  tool„  Mathematics  is  the  soul  of  scientific  research.  There 
is  hardly  any  human  activity  which  can  be  more  idealistic  and  yet  more  practical, 
more  educational  and  yet  more  fascinating  than  to  study  and  to  teach  the  relations 
between  those  two  Tjorlds, 
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TOmY^S  MIHACLESa  TOMORH]¥«_S  HECESSITIES   =-  TKROUGH  ELECTRIGAL  ENG-INEERDIG 

by  H„  No  Ifeller^   Jr„ 
Assistant  to    Vice  Pr-esident  ~  Westinghouse  Electric  Corporation 

My  assigned  dutjr  ~  covering  the  pari  that  alectrical  engineerdng  plays 
in  cur  society  and  the  part  that  it  will  play  in  the  future  ■»  is  a  tremendous 
tasko     This    is   so   with  sach  oi  the  Speakers  at  this  Research  Symposiiarij    but 
perhaps  electrieity  is  STen  the  most  -rast  of  the  Tields  disciissed  dfixing  thess 
tX'Tc    d3,ySo     I  believe  this  is  really  true  in  seine  respects  at  least^j  as   I  will 
atterapt  to   demon strat e  in  ng.-  di-sciissiono 

Today  in  America  we  have  installed  industrial  power  equivalent  to 
eight  horsepower  Tor  every  gainfiilly  employed  worker»     Seven-and=-one~half  of 
these  horsepower  s.re  raade  availabls  by  electrieal  energy«     The  tremendous 
advance  in  the  use  of   electrieity  in  Anerica  is   dsmonstrated  by  the   fact  that 
in  1910  there  were  installed  onl~f  2o6  horsepower  per  worker,,   and  over  two  of 
these  horsepower  were  mechanical  in  naturej,   er  were  beasts  of  burdent,     This 
is  the  power  that  today  provldes^   and  will  in  'ohe  fiiture  proirLde,  the  prodactive 
eapacäty  of  American  indastry  that  is  responsable  in  such  great  measure     for 
cur  high  Standard  of  living  and  ou-T'  relative  securit:/  in  an  'onstable  and  insecure 
worldo 

Another  excellent  index  of  our  national  strength  is  the  installed 
electrieal  generating  capacity  in  the  United  States«     In  the  past   six  years^ 
the  nation's  generating  capacity  has  inci'^eased  about  two-thirdSj,  at  a  cost_5 
I  might  mention,   of  over  six  billion  dollarso     Looking  ahead^  we  conservatively 
estimate  that  installed  power  generation  will  reach  16^  million  kilowatts  by 
1965o      If  it   is  recalled  that  oui"  total  national  power  plant   was  an   even  50 
million  kilovjatts  just   fiice  years  ago ,   this   is  a  staggering  increase  in  the 
energy  availalle   for  productive  industry»      If  one  tries  to  picture  the  goods 
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and  Services  that   such  a  projected  qciantity  of  energy  can  produce,  to  conjure 
up  even  a  rough  picture  taxes  the  iraagination. 

The  rate  of  grovrth  of  the  electrical  manufacturing  industry  i-Äiich 
produces  the  equipment  that  both  originates  and  utiliaes  this  tremendons  source 
of  energy  is   even  greater.     Cne  deeade  ago  this  industry  accountea  lor  about  2% 
of  the  gross  national  product  of  the  country.      Today,  the  electrical  raanufacturing 
industry  accounts  for  about  Iiyo  of  the  total  Tn.easiJirable  wealth  of  the  nation,  and 
this  pereentage  will  continue  to  grow.     It  is  an  elementary  necessity  if  America 
is  to  continue  to   grow  and  prosper,    and  if  we  are  to  ramain  streng  in  the  uncertain 
international  picture.      Fbr  aiy  one  industry  to  double  its  pereentage  of  total 
American  production  in  the  ten-year  period  of  our  greatest  oirerall  groirth,   indicates 
phenomenal  expansion  indeed. 

Thus,   as  I  Said  at  the  outset,  to  present  a  well-rcttnded  picture  of 
this  field  is  ^   indeed.   a  difficult  task,     1  have  sslected  a  fevj  particular  areas 
of  development  that  would  appear  to  be  inmensely  important  to  our  future,     I 
believe  that  being  specific  is  alirays  more  clear,  more  convincingj   and  frequsntly 
more  enduring  than  any  attempt   I  might  make  to  present  our  casa  thrcugh  broad   . 
generalizations.      The  grox-rth  figures  TÄich  I  have  already  quoted  a.re^   in  fact, 
my  first  specific   example. 

The  tremendous  rate  at  x-Äiich  all  fields  of  teehnolog;/-  are  advancing 
dictates  that  research  and  developraent  in  electrical   engineering  be  pursued 
"sd-th  an  exceedingly  aggressive  approaeh.     Indeed,   I  have  heard  Robert  E,  Wilson, 
Chairman  of  the  Board  of  the  Standard  Cil  Company  of  Indiana^    d^aw  a  striking 
analogy  that  idvidly  pictures  the  element  of  acceleration  in  our  technical 
advance.     The  analogy  postulates  that  we  compress  the  500,0CO  years  in  which 
man  has  been  developing  into  fifty  years,   roughly  eomparable  to  our  own  productive 
lifetirae«     On  this  scale,   it  took  man  Ii9  j'-ears  to  get  over  being  a  nomad  and  to 
settle   dovm  to  living  in   organized  comniunities.      It  took  him  even  longer  to   get 
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his  first  eleinentary  items  of  manufact-ored  elothing  and  many  of  the  other  things 
that  we  consider  time-worn  characteristics  of  maiio     It  was  only  six  months  ago 
that  a  few  men  first  learned  to  'write  in  cn.ide  fashion^  but  on  this   scale^   it  was 
only  two  weeks  ago  that  the  first  printing  press  was  built»     At  the  present  rate 
of  increase.,   it  seems  that  in  another  two  weeks^,   vre  shall  all  be  buried  under 
printed  raatter«     Only  i-jithin  the  last   day  have  come  such  amazing  things  as  radio, 
telei^lsion,,    diesel  locoraotives^   rayorx^  nylon^    cur  miracle  i^'ugs.,  bookkeeping 
machinesy    electric  Computers  of  inconceivably  eomplex  equations^   one-hundred 
Getane  gasolineg    color  and  soiind  motion  pictnresj,   and  the  thousands  of  other  . 
modern  producta  and  Services  that  we  dally  take  for  grantedo     Cn  this     same  _ 
time  scale^  the  first  producticn  cf  atonüc  power.,   of  Cortisone^  the  developraent 
of  the  hydrogen  bomb  and  cther  nrilitar;^  weapons   came  inte  existence  since  I 
made  my  intrcductory  remarkso 

I  think  it   is  perfeetly  clear  that  if  this  pace  is  to  be  maintained^ 
it  is  the   scientists  and  engineers  who  mll  hava  to  majritain  ito     ¥ith  the 
rapidly  expanding  part  that  electricdty  plays  In  our  economyj,   supplying  over 
90^  of  our  industrlal  energy_,  rcaintaining  the  pace  'ninges,    "in  quite  a  neasure, 
on  electrical  r-esearch  and  developmento 

I  would  like  tc   point  out  that  it  is  not  possible   to  portray  the 
part  that   electricity  will  play  in  America 's  ftiture  without  cutting  across 
several  fields  of  scienoe  and  engineeringe     For  examplec,   I  have  rather 
frequently  been  asked  why  it  is  that  the   electrical  indastry  has  played  such 
a  key  roll  in  the   developraent  of  atoraic  energy,  right   from  the  very  beginnings 
of  this  new  sciencBo     I  have  been  asked.,   in  eifect„  why  our  in^dustry  has  played 
such  a  major  roll  when  almost  any  of  the  Industries  interested  in  energ^"  production 
or  utilization  might  be  pictur-ed  as  havlng  just  as  grea^  an  interest   in  the  final 
results  in  the  future»     The  answer  is  bcth  sijnpie  and  directo     With  exceedingly  few 
exceptionSj   there  are  no  other  industrlal  organizations  possessing  both  the  quantity 
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and  extreme  diversity  of  technical  and  scientific  skills  present  in  the  the  yery 
large  electrical  manufacturing  companies.     In  the  research  and  developraent  corps  of  these 
organizations  rests  the  basic  research  background  and  the  engineering  taow-how 
necessary  to  tackle  a  development  job  of   such  huge  proportions.     Another  example 
of  electricity' s  ro3e  in  research  can  be  found  in  the  gas-turbine  field,   cormnonly 
knox'ffi  to  the  layman  as  jet-engine  production^  where  actually  the  only  electrical 
components  are  au:d.liary  and  control  devices.     All  the  main   developraent  concems 
raechanical  and  metallurgical  teehnology»      So^   if  iry  remarks  rexer  to   developnients 
other  than  those  purely  electrical  in  nature,   I  must  be   excused»     The  electrical 
Segment  of  our  economy  cannot  be  divorced  from  industry  as  a  whole^  and  set  aslde 
to  be  exainined  as  an  entity  in  itself.     With  this  bit  of  explanation,   let  us 
proeeedo    • 

The  high  frequeney  and  ultra-high  frequency  areas  in  electronics  have 
tended  to  make  the  headlines  often  in  recent  years  through  many  spectacular 
contributionso     Hcwever-j   ii  we  are  to  be  basic  in  our  approach,  the  production 
of  bulk  poirer  should  receive  our  first  attention^   for  this  indeed  comprises  the 
muscles  of  Americao 

Your  Speaker' s  Organization  has  recently  accepted  an  order  for  two 
steam-turbine  generating  units  rated  2^05:000  Kw  each,   NoxAere  in  the  World  are 
there  electrical  inaehines  of  this  rating  in   existence,   and  to  make  the  advance 
in  design  of  these  units   even  more  spectacular^   they  will  be  3600  RPH  generatorso 
I  recall  that  a  little  more  than  one  decade  agOj    engine^rs  hesitated  to  tackle 
the  design  of  3600  RPM  units  of  less  than  one-fourth  this  rating«      Such  a  rapid 
change  in  the  ability  of  engin eers  to  design  large  power-generating  units  is  based 
upon  tremendous  eraphasis  on  fundamental  and  basic  research  in  insulating  materials, 
high  temperature  alloys^  magnetic  materials,   and  applied  research  and  development 
in  bearingSj  methods  of  heat  transfer,    etc,      I  can   state  with  certainty  that  the 
ultimate  in  size^   effieiency.   and  reliability  of  generating  units  is  far  from 
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reached.     Larger  imits  are  already  im  der  consideration^  and  our  continued  research 
and  developraent  prograni  guarantees  that  they  will  be  produced  just  as  soon  as  the 
power  Systems  of  America  demand  such  giants.  _  . 

At  various  times  jou  have  heard  mention  of  other  possible    sources  of 
electrical  power,     Among  them^   we  hear  of  solar  collectors,  i-ri.nd  power^   heat 
pumps^   tidal  energy,   atmospheric   electricity,    etc.     1'lhile  these  are  all  possible 
sources  of  power^  most  of  thera  have  been  used  only  experimentally»     As  the  avail- 
ability  of  fossil  fuels   (coal^,   oll^   gas)  is  rsduced  and  their  cost  increases,   some 
of  these  other  forms  of  energy,   fanciful  as  they  may  nox^J  seem,  mll  unquestionably 
be  developed,  .;; 

Somewhat  along  these  same  lines  is  the  field  of  atomic  power  generation, 
Today  we  see  no  way  of  Converting  directly  from  fissionable  materials  to   electric 
power.   In  other  words,   tc   obtain  usable  power  from  an  atomic  reactor^,  we  mll  go 
through  some  form  of  heat  exchangerf  then  turbines  and  generators   similar  to  those 
noxiT  knoTfJn  will  comprise  the   electrical  elements  of  the   System»     However,  let  us 
not  rule  out  the  possibility  that   some  scientist  \n.ll  come  up  lath  a  single  idea, 
a  basic  one  that  will  bridge  this  gap^  making  possible   dlrect  conversion  fron 
atomic  fission  to  electrical  energy,     Some  of  our  most  practical  research  leaders 
do  not   envision  this  idea  as  fanciful^  but  rather  ^ust  a  matter  of  time  and  the 
appearance  of  the  rdght  young  scientist  with  a  fresh  approach  and  a  spark  of 
genius. 

VBiat   do  we  see  when  we  look  ahead  at  atomic  power  developmemt?     Right 
now^    out  in  the  western  foothills  of  the  Grand  Teton  Mountains  in  Idaho,  there 
is  a  stränge  group  of  three  buildings  surrounded  by  l-cnee-high  sagebrush.     The 
largest  of  these  is  a  box-like  structure  in  lAich  has  been  assembled  a  full-sized 
submarine^   complete  except  for  boxj  and  stem   sections«     Adding  to  the  oddity,   around 
the  main  section  of  this  misplaced  submarine  is  a  huge  tank  of  water,  simulating 
the  ocean  this   stränge  vessel  will  never  ride. 
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All  this  is  not  täthout  inajcr  nurposSo     Indeedj,  histcrj  is  "heing  made 
there  a.t  the  National  Heactor  Testing  Station»     Vilien  the  assernblj  has  'been  completed^ 
an  engineer  fjül  stand  beibre  a  ccntrol   dssfc  and  tMm  a  handle,     '-then  he  dces^   a 
siassive   shaft.  will  begin  to  tuinij   delivering  3S\''sral  thousarid  horsepoT-rsr  Intc   a 
power''-absor'b5^rig  wat  erbrake • 

This  wrlll,  be  an  historic  momsiit»      it  will  mai'k  the  Operation  cf  the 
World' s  first  atom-driven  plant j   bullt  for  the  p^tX■pose  of  "pr-od'j.cing     pcwer  in 
large  quantities.     It  T-iill  be  a  inilestone  in  the  atöiraG  age.     llere  at  this 
deeert  location^  the  aton  will  bs  put  to  Hork  for  the  first  tinie  tc   drive  a 
plant  Intended  solely  to  pro-sdde  energy    to  turn  inachlnes  to  r)rcdnce  electricity, 
or  to  do  Gther  things  requiring  a  c;Kitiniious  flow  oi  power»     To  be  sbre^  this 
power-  plant  was  biiilt  for  a  best   submarine,  but  it  ecnald  jnst  as  ^rell  turn 
el.e3tric  generators   3U]:'plying  the  current  to  llglrt.  homes  and  to  po^jer  fcä-ctories» 

Submarin. es  are  not   going  to  moncpolise  niielear  poT-rer  plant s»     Sven 
beibre  liestinghouse  coinpletes  this   first  experiment.al  Job,  work  vill  bs  "t-rell 
along  on  the   defi^ign  oi   an  atorrd.c  reactor  for  a,n  aircraft  carrier.     This  one 
mll  be  jTianj  times  largsrin  horsepower  out-pnt  than  "uhe   s\?Jbmar-ine  reactor» 
Äs  a  matter  ox   fact-,   it  will  be  oi    a  sice  that  could  he    considered  quite 
practieSvl  lor  regulär  electric  power  gsaeration» 

%  longer  is  there  any  question  that  the  atorrdc  broncho  can  be  tamed 
to  prodij.ce  horsepower  instead  of  holocansto     That  power^   furthermorej   comes 
in  terrifio  a-monnts.     A  -iirad  of  ursaiiiiin  weighing  but  a  po'iaidj  if  fMllj  -utilised^, 
would  be   enough  to   supply  ths  power  needs  of  the  state  of  ilississirjpi  for  quite 
a  time«      ifust  think  of  the  Irriplications  this  posss  to     both  seienee  and  industry«, 
and  of  the  vast  füture  posslbilitiesl 

IT0W5   how  about  the  Ttieans  of  controlliiig  and  using  the  energy  t?iat/ 
these  füture  power  ideas  may  produce"?     In  other  wcrds^  how  mll  vis  make  these 
nei,T  sources  and  amonnts  of  energy^  whatever  they  may  bSj    do  the  -trark  of  producing 
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goods  and  Services  for  an  expanded  economy  in  America?     lihile  it  may  come  ae  sorce- 
what  of  a  surprise  to   some  of  you,   it  is  here  that  the  field  of  electronics  should 
have  its  greatest  impact  on  cur  futureo     Some  of  the  future  possibilities  in  the 
high-frequency  field  are  fairly  well  knoi/m  to  most  engineers,    scientists,   and 
busine ssmen  through  the  tremendous  application  of  radio,   television,  and  other 
forma  of  Communications»     l-'hch  less  public  notice  is  given  to  the   electronic 
applications  used  läthin  industry,   but  it  is  here  that  electronics   should  make 
its  greatest  contribution  to  cur  gross  national  producto 

In  recent  years  the  introdaction  of  electronic  circuitry  for  the 
control  of  complicated  industrial  processes  has  made  possible  tremendous  increases 
in  the  production  of  steel,   aluminum,  paper,  textiles,  and  many  other  basic 
coramodities.     The  incredible  accuracy  of  electronic  control  has  accoraplished 
this  increase  in  production  by  greatly  speeding  up  our  rolling  mills^     cur 
paper  mills,    etco     The  reaction  of   electronic  z-ontrol  cii'cuits  is   so  much  fast  er 
and  more   sensitive  than  the  keenest  human  riiind  or  hand  that   complicated  industrial 
production  Systems  cannot   only  produce  more  goods,   but  the  product  is  of  more 
uniform  high  quality  and,   in  many  eases^  much  less   expensive.     In  quite  a  measure, 
these  electronic  brains  Controlling  industrial  processes  are  giving  us  the  a.nswers 
we  seek  ■=■-  a  future  higher  Standard  of  living  achieved  through  increased  productivity 
to   out-match  our  increased  birth  rate^    decreasing  death  rate,   and  consequently, 
greater  populationo     The  emphasis  on  electronic  research  and  development  in  industry 
has  been  increasing  rapidly  daring  the  last   decade  and  iiill  eontinue  to   rise,      Our 
engineers  are  confideiit  that  we  have  little  more  than  scratched  the  surface  in 
the  application  of  industrial  electronics« 

Bit  now  a  competitor  to  the  field  of  electronics  is  already  appearing 
on  the  horizon»     This  corapetitorj  which  promlses  in  long  ränge  to  perform  many 
of  the  functions   of  electronic  tubes^   and  to  perform  them  more   efficiently  and 
permanent ly,   is  the  field  of   seni-conductorso     A  tremendous  amount   of  research 
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effort,  utilizing  a  com'-ination  of  electrical^  metallurgicalj   and  chemical  talent, 
is  being  expended  to  leam  more  about  semi-conductors  and  to  make  their  applications 
practdcal  and  economlcalo     Here  we  find  a  fascinating  group  of  materials  includlng 
seleniujn,    germaniiim,   Silicon^,   and  certain  stränge  rr.etalllc  Compounds.     These  all 
have  certain  characteristics  in  ccriraonj  and  vet   each  of  them  is   different»     An 
iraportant  coxnraon  characteristic  is  that   in  very  pure,   single  crystal  form,  they 
have  the  unusual  abilitj»-  to  rectify  electric  current  xdth  a  var^,^  high   degree  of 
efficiencyo      By  proper ly  appljrlng  cryst.als  of  these  materials^  we  are  able  to 
perfomi  raany  of  the  functions  of  electronic  tubes^   not  only  very  efficientlyj  but 
>ri.th  unlimited  lifSo     If  we  are  able  to   perfect  the  pcssibilities  inherent  in 
serai-conductor  materials,   we  may  go  a  long  i^ray  toward  performing  the  functions 
of  electronic  tubes  td.th  devices  that  are  both  perrnanant  snd  Kaintenance-free» 

Gne  of  these   semi-conductor  de-v'r.ces,  »the  transistcr,   is   doing  for  the 
electronics  industry  what   S3m.thetic  fibers  are   for  te::tilss  -  all  that   and  more» 
It   can  do  the  job  of  most   vacuum  tubes,  but   it   is  rauch   smaller  than  the  vacuum 
tubej   is   practically  indestructiblBc,    and  takes  almost  no  power   from  the   circuito 

Right  now  it  takes  about   a  freight-car  Icad  of  latteries  every  two   davs 
to  keep  an  infantrj^  division'  s   electronic  nerves  aliveo      Substituting  transistors 
for  vacuum  tubes,   a  suitcase  füll  of  batteries  everj  two  weeks  would  be  enough^ 
so   the  experts   say„  '  .:.       ■      -  ■        -'  " 

The  Army  Signal  Corps  had  a  striking  display  at  the  Institute  of 
Radio  Engineers'   Convention  to    show  what  the  transistor  can   do  for  compactness  - 
a  Geiger  counter  that  weighs  only  1  poundj  yet  is  capable  of  doing  all  the  vjork 
of  a  vacuum-tube  raodel  that  weighs  19  pounds, 

We  even  envision  senii-conductors  invading  the  power  rectification  field 
to  the  point  where,    someday,  today's  well-accepted  power  ignitron  rectifier  could 
be  completely  superseded  by  Silicon  crystal  devices  aloneS     I  can  guarantee  that 
the  research  effort  in  the  electrical  laboratories  of  America  will  continue  at  a 
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terrific  paca  toward  solving  the  mysteries  oi    semi-conductor  materials« 

Cur  first  large«=scale  use  of  sleetricity  was  in  the  field  oi   illumlnatiorij 
and  while  the  groi-rth  of  the  electrical  Indastry  has  been  exceedingly  diverse j  ' 

illurnination  reraains  today^   and  will  in  the  future  remainj   of  Signal  importance. 
In  the  last  few  years,  we  have  seen   ^reat  progress  in  this  field  through  the 
application  of  fluorescent   devices  to  replaca  incandescent  lamps   for  a  niultiplicity 
of  eveiy-dsy  applications»     Today  we  take  for  granted  high  intensity  lighting 
for  our  homes,   our  officesj   and  our  factories  that  could  only  have  been  afforded 
in  a  showcase  or  exhibit  a  fsw  years  ago.     Fundai-aentally,  this  has  been  made 
possible  because  the  perfection  of  fluorescent  lighting  gave  us  a  source  th.at 
produced  more  light  per  watt  of  energj  consumed  -  in  other  words,   it  is  a  cooler 
light  source» 

Today' s  research  on  lamps  and  light  sources  not   only  is  aimed  toward 
better  incandescent  and  fluorescent  lampsj  but   looks     niuch   further  ahead  than 
thato     I   don't  think  anyone  knows  exactly  what  the  future  light  source  which  i»rill 
someday  supersede  fluorescence  may  be^  but  the  field  of  electroluminescence  is  begin- 
ning  to  lock  promisingo     This  is  a  fascinating  phenoraenon  where  sheets  of  translucent 
material^   made  semi-conducting  through  special  treatraent,    glow  when  energiaed. 
The  decorative  eff  ects  that  might  be  achieved  through      rooir'    lighting  with 
electroluminescence,    including  chemical  treatment  to  produce  almost  any  desired       '. 
color  effects,   are  intriguing   indeed. 

The  secret  of  theoretically  perfect  light  is,    of  course,  to  achieve 
cold  light.     Perhaps  someday,   we  mll  get  as  smart  as  the  firefly  and  accomplish 
this  resulti 

Mich  of  what  the  electrical  industry  can  contri>iute  to   our  future 
depends  upon  metallurgical   research.      In   constantly   endeavoring  to   develop  and     • 
design  better  apparatus  and  devices 5  we  find  that  the  physical  and  electrical 
characteristics   of  metals  are  usually  the  limiting   factors.     Thus^    great   emphasis 
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in  fundamental  research  in  the  electrical  industry  is  jeing  placed  on  the  field 
of  metallurgy.     For   exanple,   a  major,   full-=scale  research  attack  is  teing  made 
on  the  fundamentals  underl-yäng  allo^^?«      By  cutj   and  try,   metallurgists  have 
learned  that  when  two  or  more  metals  are  inixed  in  certain  compoiinds,  then  processed 
in  a  particular  way,   an  alloy  of  thus  and  such  characteristics  results.     Just  why, 
nobocfy"  knows.     No  one  can  predict,    except  in  a  general  way^  what  properties  a 
combination  of  raetals,   compounded  in  a  given  manner,   vrill  manifest«     In  short, 
metallurgists  can  not  now  design  frcm  theory  an  alloy  to  meet  a  specification, 
Our  n^d  for  such  knox-Jledge  is  mounting   iaily  in  the  electrical  industry. 

Precisely  the   same  jan  be  said  for  magnetic  laatsrialso     Why  it  is  tbat 
some  materials  are  semi-conauctors  is  a  mystery_,   and  the  Solution  is  urgently  needed. 

A  fine  example  of  one  approach  tc   some  of  these  regions  of  ir^rstery  is 
by  way  of     extreme  coldo      This  is  the  field  of  cryogenics,  x^rhere  especially 
developed  devices  allow  us  to  produce  temperatures  exceedin-:^ly  close  tc  absolute 
zero   T  the  temperature  at  which  all  molecular-  motion  ceases.      Daily  noxr,   in  our 
cryogenic   studles,  we  are  working  with  materials  at  teraperntures  as  little  as  0.1 
degree  above  absolute  zero.      This  xjonld  see:i  to  be  pretty  cold  if  \ie  remeraber 
that  zero   degree s  Kelvin  -  absolute  zero   -  is  Ii60  degree s  below  zero  Fahrsnheit« 
Some  amazing  things  happen  to  materials  when  subjected  to  this  e:ctreme  cold.     In 
many  cases,  both  physical  and  electrical  properties  of  metals  change   drastically 
in  the  temperature  ränge  just  a  fex-r  degrees  abovs  absolute  zerc»     We  expect  to  find 
out  many  things   doxm  in  this  region  of  unearthly  temperatures o     Mention  of  one  or 
txTO  may  give  a  glimpse  of  >jhat  a  cold- lab  research  man  is  trying  to   doo 

Electrical  resistance  of  a  raetal  is,    for  the  most  part,   affected  by  txjo 
things,  impurities  and  temperature»     At  normal  temperature,   the  temperature  effect 
is   so  large  as  to  mask  the   effect  of  irapurity.      But,   at  the  threshcld  of  absolute 
zero  the  temperature  effect  has  almost  vanished,   leaving  that  of  impurity  standing 
sharply  alone.      Thus,    impurities,  x^hich  have  great  bearing  on  mechanical,   electrical. 
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and  optical  propertles;,   can  be  investigated  uith  a  hundred- fold  greater  accurancy, 
Jlindamentally,  i-Äiat  these  men  are  after  is  an  understanding  of  the  behavior  of 
matter.     Vfliy  is  it^  they  wculd  like  to  know,  that  some  metals  such  as  cadmiumj    zinc, 
leadj   mercurjj   and  several  cthers   gradually  dimminish  in  resistance^   and  then  at  ^^ 

some  precise  lou  temperature  a  fev  degrees  above  absolute  zero,  the  remaining 
resistance   disappears   entirely?     They  become  superconductors«     A  current,   once 
induced  in  such  a  metal,   if  it  is  maintained  in  this  temperature  regicHj  would 
never  stop  of  its  ovn  accordl 

Other  metals,  when  that  incredible  bouniary  of  absolute  z.sro  is  ap- 
proached^   show  a  surprising  increase  in  resistance.     There  is  evidence  that  at 
absolute  zero^   the  resistance  of  gold  is  infinite»      (Just  goes  to   shot'  that  gold 
in  the  xjorld  of  science  is  as   stränge  as  in  the  world  of  politicsi)  • 

Ttilhat  good  mll  come  from  poking  around  mth  materials  at   sub-sub  temperature 
Frankly,   if  the  research  men  knexv,   there  Kculd  be  no  reason  for  the  work,     But  fhey 
do  know  that  under  these  conditions  they  can  get  a  closer  lock  at  atomic  and 
electric  behavior  than   the::  can  amid  the   confusing  heat   of  our  normal  World«      '"hat 
a  beautiful  example  of  fundamental  research  this  is;     've   de  not  taioH  of  any  Single 
product   er  service  of  the  electrical  industry  that  this  werk  will   directly  beneiit, 
but  we   are  completeljr  confident   of  the  pay-off  somedäyo     Wc  are   sure  that   from  the 
World  of  super-cold  will   come  much  of  value  for  our  ambient  wcrld. 

It  is   easy  to  go  on  ad  infinitum.  when  discu-ssing  the  fascinating 
facets  of  modern  research  and  develcpment   in  the   electrical   engineering   spectrum- 
This,   of  course^   I  am  not  licensed  to   do,     I  believe  the  saveral  areas   discussed 
should  impart  to  you   some  glimpse  of  the  breadth  and  depth  of  this  field.      I  ":'elieve 
I  can  positively  convince  you  of  my  Company' s  tremendous  faith  in  the  future  progress 
cf   electrical  research  and  development   by  stating  the  following  facts      In  19?3 
the  IJestinghouse  Electric   Corporati'-n  will   spend  more  raoney,   corapany-wide,    on 


research  and  development,   than  our  total  new  profits  for  19?2o 

Much  Ol   this,    of  course,   is  to  Iraprove  or  lox^er  the  cost  o±  motors, 
transforraers,  light  bulbs,   and  toasters.     Sut  as  pcintad  out,   large   sums  are  going 
into  investigations  X'iith  less   Iniraedlate  results.     In  great  raeasure,  ttg-  stake  not 
only  our  position  in  industry,   but  the  .^ecurity  and  T'ell-being  of  future  America 
on  the  long-range  fundamental  research  prograra  of  industry. 

In  closing,   I  vculd  like  to  recall  to  you  the  fable  of  the  three 
stonemasons. 

Once  upon  a  tlme  a  ma.n  stood  iiatching  the  construction  of  a  large  edifice. 
Scaffolding  reached  high  and  the  ground  was  littered  irith  huge  blocks  of  stcne. 
VJorkers  uere  engaged  in  m^any  tasks,  but  the  racst  interesting  of  thera  all  irere 
three   stonemasons. 

The  man'  watched  them  at  vjork.  and  then  approached  each  of  the  th:ree  in 
tum.     He  asked  the  first   stonemason,    "I'Jhat  are  you   doing?"     The  tired  i-'orl^aan 
xiTiped  his  perspiring  broxir  and  dully  answered,    "Ky  job  is  to  nove  these  huge  blocks 
of  stone   .......   itiy  superior  teils  me  xihere  to  put  one   stone  on  top  of  another, 

'AKD  TRAT'S  T'HAT   I  HO."        '  ■' 

He  asked  the  second  stonsmason,  "lihat  are  you  doing?"  The  man  looked 
up  from  his  work,  puaaled.  "liliat  am  I  doing?"  he  echoed,  "Why,  they're  putting 
up  a  buildLng  here,   and  I'VS  '3CT  A   GCOD  JOB  LIYING  3T0KE," 

He  asked  the  third  stonemason,    "ISiat  are  you   doing?"  The  artisan  put 
down  his  tools  and  stood  erect.      Looking  up  to  where  the  towering  structure 
seemed  to  touch  the  clouds,  he  answered  i-iith  simple  dignity.     "I",  he  said, 
"AM  HELPING  TO  BUILS  A  '2RE,\T  CATHEDPuiL." 

The  third  stoneraason  typifies  the  vision,  the  c±Lallenge,   the  driving 
irotivation  of  our  men  of  engineering,  working  with  inspired  aeal  toward  greater 
achievement. 
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HJILroNG  SCLID  FOÜNDATIOWS  ■,..;; 

Your  Committee  which  arranged  the  program  for  this   seventy-fifth  anniversary 
celebration  accorded  rae  an  honor  and  a  privilege  when  it  extended  to  me  the  invita- 
tion  to  make  the  keynote   speech.      For  this   distinction  I   express  my  sincere  ap- 
preciation.     With  a  privilege  of  this  kind  is  associated  a  responsibility,  which 
I   ccnstrue  to  be  that  of  sharing  with  you  thoughts  and  ideas  which  may  bear 
significantly  on  the  subject  of  this   Symposium»     It  was  my  hope  and  expectation 
to  be  present  to  hear  the  distinguished  participating  Speakers;   but  only  a  few 
days  ago  Information  came  that  the  Subcommittee  on  Appropriations  of  the  Senate 
would  hold  its  hearing  on  the  National  Science  Foundation  budget  on  the  after- 
noon  of  April   23.     This    delayed  my  Coming  by  one   day. 

My  first  privilege  and  pleasant  duty  is  to  bring  to  you,  Mr.  Hilbun,   and 
to  your  administrative  officers  and  faculty,   the  felicitations  of  the  National 
Science  Foundation,   upon  having  completed  as  a  vigorous  and  grovjing  Organization 
the  seventy-fifth  year  of  the   existence  of  Mississippi  State  College,     I  venture 
to  add^   though  unofficially,  the  congratulations  of  my  own  Institution,   North- 
western University,  which  has  made  possible  my  service  to   the  country  through 
the  National  Science   Foundation  by  granting  me  leave  of   absence.      As  you  may 
know,   the  Technological  Institute  at  Northx^^estem  is  also  a  vigorous  and  grow- 
ing  Institution,    devoted  to  teaching  and  research  in  science  and  technology. 
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You  will  understand,   therefore,   that  I  have  had  the  benefit  of  first-hand 
experience  with  problems  and  conditions  associated  wlth  an  educational  Institution, 
in  the  light  of  which  we  may  develop  a  rational    philosophy  regarding  its  position 
and  its  responsibilities  as   one  of  numerous   si.milar  institutions  serving  our 
people  both  locally  and  as  a  nation. 

So  that  there  may  be  no  misapprehension,     I  must  confess  to  you  that  before 
I  was  invited  to  come  here,  my  Information  about  Mississippi  State  College  was 
quite  limitedo     I  knew  that  it  is  one  of  our  land  grant   Colleges;   I  knew  that  its 
name  used  to  be,   like  that  of  similar  institutions  in  other  states,   Mississippi 
Agricultural  and  Mechanical  College«     The  change  in  name  21  years  ago  was  undcubtedly 
the  result   of  thinking   forward  towards  expanding  horizons. 

It  has  given  me  satisfaction  also  to  note  the  presence  on  your  faculty  and 
staff  of  people  with  advanced  degrees  from  Northwestern,  and  from  my  alma  mater, 
the  University  of  Minnesota,     My  feeling  of  kinship  is  increased  through  my 
acquaintance  with  your  former  president,   Dr.   Humphrey,   who  is  a  meraber  of  the 
National  Science  Board. 

Since  the  College  is  state-supported,   it   seemed  desirable  also  to  expand 
my  knowledge  about  the  state.     It  has  been  most  interesting  to   do  thisa     The 
result  is  that  I  feel  much  better  acquainted  with  both  the  College  and  the  state 
than  I   did  several  weeks  ago» 

Through  my  "library  research"   I  have  learned  about  the  things  that  make  Missis- 
sippi noteworthy  as  an  important  member  of  the   federation  of  sovereign  states 
that  coraprise     our  great  nationo      It  must  have  been  the  traditional   and  true 
southern  chivalry  that   caused  the   state  legislature  to  m.ake  Mississippi  the  first 
state  in  the  union  to  establish  a  state-supported  College  for  women,     You  have  the 
best  State  Museum  in  the  country,   and  have  created  a  veritable  library  of  State 
history,   through  your  ijnique  educational  and  cultural  State  Department,     Your 
budget   for  educatior        hes    :ripled  in  the   decade  between  19hO  and  19^0.      In  the 
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face  of  the  long-continued  and  regrettable  aftermath  of  the  War   Between  the  States, 
Mississippi  is  making  an  outstandingly  successflil  effort  to  advance  itself  in 
educationj   industrialization  and  agricultural  progress.     It  is  in  these  three    • 
areas  that  this   institution  plays   its   vei-y  important   part. 

It  is  gratifying  also  to  observe  the  increasing  importance  of  the  State 
of  Mississippi  and,   indeed^    of  the  whole  South,   in  being  chosen  as  preferred     .:.,,.,,.... 
locations  for  many  new,  large  industrial  establishments.     In  the  wake  of       ■;;.■■■•,•.;■;■■ 
industrialization  there  follow,   insvitably,   improving  Standards  of  living,    :  '\;  :--v'  ;;:,■'; 
which  bring  Xirlth  thera  better  education  for  more  young  people.     Sorie  of  the    :    ■;  :^:  :■    ■; 
industries  are  chemical,   sorae  are  based  on  great  agricultural  productivity^      ,-■...; 
others  on  the  outstanding  position  of  the  South  in  having  large  forests,   and     ■;..■.,--,,,;-. 
the  producta   derived  therefron.      I  note  that  Mississippi  is  one  of  the  top-ranking 
states  in  the  countrj'-  in  her  forest  crop,     Without  knowiing  specific  facts,   I       ■':.;• 
should  venture  the  guess  that  among  the  important  activities  of  your  College      v  ; V,;,  " 
are  research  and  development   having  to   do  with  products  in  which  the  state  excels — ■ 
agriculture   3   forestry,    chemistry.  v.-       :   .    ■'■■'.■ 

Unde^    the  Morrill  Act  of  1862,   it  was  one  of  the  principal   concepts  that    ■■ 
each  of  the  states  receiving  grants  of  land  should  thereby  be  in  better  position   ■;.■ 
to  carry  on  the  necessary  educational  and  developraental  activities  suited  to  the 
special  needs  of  the  state.     All  of  this  is  important,   Indeed  it  is  indispensable, 
to  establishing  sound  economic  conditions  xxlthin     a   state,     The   dlstinguished  ' 
Senator  frora  this  state,   Mr.   Stennis,   ably  argued  this  point  in  the  Senate  of  ' 
the  United  States   on  April   first,   pointing   out   the  benefits  that   had  already  accrued 
frora  federal  support   of  research  and  development  under  the  Ifesearch  and  Market- 
ing Act  of  19i|6,   in  the  field  of  agricultural  prodiicts.     Under  that  act  it  was 
the  intent  of  Congress  to  assure  agriculture  a  position  in  research  equal  to  that 
of  industry,    so  that  there  might  be  maintained  an  equitafcle  balance  between 
agriculture  and  other  segments  of  the   economy. 
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The   subject  Ti-hich  I   selected  for  this  address,   "Bullding  Solid  Fcundations," 
is  clearly  an  appropriate  one,   in  that  it  provides  a  central  therae  for  a   discussion 
of  questions  related  tc  what  has  already  been  said,     It  gives  us  a  basis  for  consider- 
ing  what  we  might  call  the  beginning  essentials  to  achievlng  the  kind  of  progress 
upon  ijhich  our  country  depends  both   for  its  economic  health  and  its  securitvo     Hore- 
over,   it  provides  the  best  basis  I  can   devise  for  discussing  with  you   some  of  the 
nation's  needs  respecting  science  and  ho'-r  they  may  be  met.     Thus  it  leads   directly 
into  a  subject  of  paramount  interest  to  me  and  of  great  significance  to  the  nation's 
welfare — namely,  the  National  Science  Foundation,   its  purposes,  aims,    objectives 
and  accomplishments  and  the  manner  in  vhich  these  are  related  to  the  national  needsj 
and  how  the  successful  achievement  of  the  aims  and  objectives  contributes  to  the 
building  of  solid  foundations. 

The  xirord  "research"  unfortunately  has  many  meanings  to  ma.nj  people»     The  suc- 
cess   of  scientific  endeavor  in  World  War  II  was  such  that  in  the  minds  of  rnany 
lajTnen  the  terra  became  synonymous  with  working  near  miracleso     The  man  on  the 
street  and  the  housewife  could  understand  from  the  written  accounts  and  the  broad- 
casts  that  an  atom  bomb  was  thousands  of  times  more  powerful  than  cuiy  slmilar  bomb 
previously  devised,     They  could  understand  the  reports,   if  not  the  technical   details, 
about  proxinity  fuses  which  did  not  require  impact  to   detonate  a  shell  or  a  boinb, 
but  caused  detonation  if  the  missile  approached  its  target  within  some  predetermined 
distancoe     These  and  many  other  examples  that  were   described  in  populär  Journals 
and  newspapers  after  the  war  convinced  the  average  reader  that   science  could  do 
anything,  and  that  scientific  research  was  responsible. 

It  is  a  fact  also   that  the  average  buj'-er  of  goods  that  contribute  so  much 
to  the  comforts  and  conveniences  of  living  accepts  them  wlthout  knowledge  of  or 
interest  in  the  long,    difficult  road  that  had  to  be  traversed  to  raake  them  available 
for  public  use,     To  the  layman  research  possibly  means  the   development  and  engine- 
ering  that  precede  the  production  of  such  items  "because,   of  course,   it  takes  a 
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a  great   deal  of  that  kind  of  thing  tc   get  them  on  the  market«     It  may  mean  nothing 
raore  than  gadgeteering«     However,  what  precedes  development  and  engin eering,  narnely 
basic  research,   is  to  the  average  layrrian  a  closed  booko     The  Word  "research"   for 
hini  does  not   include  any  part  of  the  mental  effort  and  other  activity  comprislng 
basic  research,      I  am  thoroughly  eonvinced  that  fuller  understanding  and  appreciation 
are  needed  by  the  layman  of  the  raeaning  of  basic  research^   of  the  methods  used 
by  scientistsj,   and  of  the  nee essity  of  enlarging  our  knowledge  of  nature«     Well-   ■ 
planned  methods  must  be  put  in  practica  by  which  such  understanding  and  appreciation 
can  be  brought  to  the  large^  intelligent  lay  public  that  is  not  particularly  "'      ' 

concemed  with  scienceo     Its  importance  derives  from  the  fact  that  in  this  technologic 
age,   and  in  a  country  so  dependent  on  soienee  and  technology,   our  Citizens   should 
have   some  concept  of  the  impact  of  science  on  their  livelihood  and  their  security« 
In  our  country  particularly,  where   science  is  the  veiy  fcondation  of  our  material 
existence^   should  not  seience  beeome  as  much  a  part  ofj,and  permeate^our  culture 
as  any  other  segment  of  leaming  and  knowledge?     Is  not   science  as  irrach  a  creation 
of  the  human  mind  as  are  the  hiiaanities  and  the  arts?     Should  we  not  be  thoroughly 
aware  of  the  fact  that  however  science  is  used_,   its  uses  are  also  conceived  by  the 
mind,   that  science  itself  is  Impersonai  and  that  it  is  only  the  uses  raade  of  science 
that  have  either  auspicious  or  sinister  implications? 

It  is  highly  desirable  indeed  that  the  meaning  of  the  word  "research"  be 
restricted  to  the  general  activity  of  pushing  back  the  boundaries  of  ignorance 
rather  than  having  it   overworked  in  the  advertising  of  cigarettes^  tooth  pastesj        ■•■ 
deodorantsj,    Shampoos  and  the  other  products  that  now  oecupy  so  mach  time  on  television 
screens  and  the  radiOo  ■ 

Most   fundamental  of  all,   as  we  think  of  the  nation's  needs^    is  recognition 
of  the  fact  that  basic  research  as  we  know  it  is  primarily,,  if  not  solely^  the 
function  of  our  Colleges  and  uriiversities,,  and^  more  specif ically«,   a  part  of  the 
normal  activity  of  faculty  members  In  our  many  great    Lnstitutions  of  higher  leaming» 


•91- 

To  be  sure^  there  are  a  few  of  the  large  industrial  concems  that  operate  extensive 
laboratories  principally  for  the  practical   development  work  needed  by  the  commercial 
organizationso      In  these   some  basic  research  is   done  on  the  periphery  of  the  princlpal 
activities  of  the  laboratories«     This    is  laudable,    for  we  need  all  the  basic  research 
that  can  possibly  be   done^    since  the  widening  of  our  horizons  and  the  increasing 
of  our  knowledge  inust  go  on  to  the  limits  of  our  creative  abilitye     However,   it  is 
not  a  primary  activity  for  an  industrial  establishment  to  carry  on  basic  research« 
Its  function  in  the  raain  is  quite   different  and  it  would  be   difficult  for  a  Board 
of  Directors  to  justify  to  its  stockholders  much  of  this  kind  of  worko     If  you  ask 
how  rauch  basic  research  should  be  done  the  answer  I  would  give  isj   "as  iraich  as  can 
be  done  by  the  corapetent   scientists  available  to    do  it»"     This,   in  the  light  of 
my  earlier  remark,  means  that  the  amount   of  basic  research  that  vjill  be   done  is 
primarily  that  which  the  able  ;^cientifie  staffs  in  our  Colleges  and  universities 
will  undertake  to   do|   and  it  means  that  our  able  scientists  raust  be  given  the  op- 
portunity  to   engage  in  research  as  well  as  in  teaching« 

It  was  such  eonsiderations  that  engaged  the  thinking  of  our  leaders  in  sciaice 
towards  the  close  of  the  war^,   and  it  is  interesting  to   note  the  resultSo     In  the 
American  annals  of  science^   there  is  an  outstanding   document  ir-jhich  promises  to 
preserve  its   stature  as  one  of  the  raost  important  ever  published,   fron  the  stand- 
point   of  setting  forth  the  nation's  needs  in   scienceo      I  refer  of  course  to  the 
Bush  Report  to   the  President^    published  in  July  19ii5  with  the  title_,    "Science, 
the  ihdless  Frontier o"     Many  of  you  will  remember  it,   and  recall  the   effect  it  had 
in   directing  attention  to  the  things  the  government  should  undertake  to  restore 
quickly  the  dislocation  that  had  been  forced  by  the  war  upon  the  scientific  Com- 
munity,  and  that  had  so   completely  warped  its  nonral  endeavorso     The  Report  was 
based  on  studies  and  findings  of  four  committeess     the  Medical  Advisoiy  Coraraittee; 
the  Comraittee  on  Science  and  the  Public  Welfarei   the  Coramittee  on  Discovery  and 
Development  of  Scientific  Talent j   and  the  Comraittee  on  Publication  of  Scientific 
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Information.     It  niade  a  series  of  recominendations  which  comprised  the  first  set 
of  concrete  suggestionsj   the  adoption  of  which  would  constitute  a  national  policy 
respecting  science.     One  of  the  major  recommendations  was  that  there  be  established 
a  National  Science  Foundation^   having  among  its  piirposes  to: 

0..0.    develop  and  promote  a  national  policy  for 

scientific ■ research  and  education,    o...   support 

basic  research  in  non-profit  organizations,    ...  ' 

develop  scientific  talent  in  American  youths  by        ■ 

raeans  of  scholarships  and  fellowships,   and  »..e  - 

by  contract  and  otherwise  support  long  ränge 

research  on  military  raatters» 

This  far-sighted  document  became  the  incentive  for  the  Introduction  of 
legislation  in  the  79th  Congress  which,  after  a  protracted  legislative  period, 
eventuated  in  the   National  Sciaice  Foundation  Act  of  1950»     After  passage  of  the 
law,   in  May  of  that  year,    seven  months  elapsed  before  the  National  Science  Board 
of  2k  members,   provided  in  the  Act,  was  appointed  by  the  President,     The  Dlrector 
was  appointed  in  April  1951»     The  Foundation  as  an  operating  agency  is,   accordingly, 
two  years  oldo     In  the  meantime,  the  Korean  War  had  begun,   which  undoubtedly 
diverted  attention  and  interest  from  the  Foundation,   and  focussed  them  upon  the 
requirements  of  the  iinmediate  eraergency»     Again  the  needs  of  the  future  were  con- 
sidered  the  concern  of  the  future«     It  is  always   difficult  to  persuade  people 
about  the  urgency  of  doing  things  that  may  have  great  importance  five,   ten  or 
more  years  hencej   and  this  becomes  especially  difficult  in  time  of  military  action, 
or  preparation  for  waro 

The  Act  recites  as  functions  of  the  Foundation  essentially  the  objectives 
aiumerated  in  the  Bush  Report»     The  importance  of  "Science,  the   Endless   Frontier" 
is  well  worth  noting  here,  not  only  because  the  National  Science  Foundation  Act 
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was  a  consequence  of  its  publicatiorij  but  because  it  comprises  the  first  set  of 
suggestions,  systeniatically  developed„  as  to  what  a  national  science  policy  should 
be.  The  report  noted  that  there  was  no  bo dy  within  the  Government  charged  with 
formulating  or  executing  national  science  policy,  and  recommended  the  establishment 
of  a  new  agency  charged  with  the  responsibility, 

Let  US  now  look  at  the  first  function  of  the  Foundation,  namely  that  of 
devBloping  and  encouraging  the  pursuit  of  a  national  policy  for  the  promotion 
of  basic  research  and  education  in  the  scienceso  This  is  not  only  the  most 
important  but  the  most  inclusive  also»  Obviously  the  establishment  of  the 
Foundation  by  congressional  action  was  itself  an  Act  constituting  national  policy, 
asserted  and  confirmed  at  the  highest  level  of  authority,  Thus,  it  is  part  of 
national  policy  to  have  an  agency  in  the  Executive  Branch  of  the  govemment, 
responsible  for  certain  activities  designed  to  strengthen  the  nation  in  science. 
The  various  other  functions  recited  in  the  Act,  which  the  Foundation  is  authorized 
and  drected  to  undertake,  are  likewise  a  part  of  national  science  policy,also 
adopted  and  stated  as  such  by  the  Legislative  and  Executive  Eranches  of  govemment, 

Without  going  into  details  of  the  assigned  functions,  let  me  briefly  enumerate 
themo 

Within  the  over-all  national  policy  function,  then,  the  Foundation  is  authorized 
and  directed  to  carry  on  in  the  following  important  activitiess 

(1)  InitT.ate  and  support  basic  scientific  research  in  all  the  natural 
Sciences  —  biological,  medical  and  physical,  Wide  latitude  is 
provided  in  the  manner  of  giving  this  support  ■=-  by  contract, 
grant,  loan,  and  other  methods» 

(2)  Award  scholarships  and  fellowships  in  the  sciences. 

(3)  Appraise  the  impact  of  research  upon  industrial  development 
and  the  general  welfareo 

(It)  Fester  the  interchange  of  scientific  infornntion  at  home  and  abroad« 


-9h- 

(5)  Evaluate  research  programs  of  government  agencies. 

(6)  Correlate  the  Foundation' s  programs  with  the  research  of  other 
agencies  and  individuals. 

(?)     Maintain  a  register  of  scientific  and  technical  personnel, 
and  in  other  ways  provide  a  clearinghouse  for  personnel 
information, 

(8)     At  the  request  of  the  Secretary  of  Defense  initiate  and 
Support  research  having  militarj  implications« 

The  Act  specifies  the  administrative  and  operating  structures  of  the 
Organization«      The  twenty-four  merabers  of  the  National   Science  Board  and  the 
Director  are  appointed  by  the  President   and  subject  to  confirraation  by  the 
Senate.     There  is  a  Deputy  Director  and  there  are  four  Assistant  Directors, 
the  latter  in  Charge  of  "che  Medical  and  Biological  Sciencesj   the  Mathematical, 
Physical  and  Jhgineering  Sciencesj   Scientific  Personnel  and  Education,   comprising 
the  responsibility  for  scholarship  and  fellowship  awards  and  for  the  National 
Register  of  Scientistsj   and  the  administrative  fumctions  of  the  Foundation,     In 
addition,  there  is  a     general  counsel  and  his  staff j   a  scientific  information 
officej  and  a  pro gram  analysis  Office,     These  are  not  prescribed  in  the  Statute, 
but  were  established  by  the  Foundation, 

Each  of  the  operating  divisions  also  has  a  statutory  divisional   committee 
appointed  by  the   B^ard,  which  has  general  advisory  functions  in  connection  with 
the  work  of  the  divisions, 

The  general  authority  of  the  Foundation  is  flexible,     Within  broad  limits 
it  can  do  whatever  it  deems  necessary  to  promote  the  progress  of  science,     The 
Act  recognizes  the  importance  of  both  research  and  education  in  bringing  about 
this  progress,     The  Foundation  may  not  itself  operate  or  own  laboratorieso     Thus 
far,    financial  support   for  research  has  been  provided  through  grants  which,  insofar 
as  is  possible  in  a  govemment  agency,   are  handled  rauch  as  grants  are  handled  by 
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a  private  foundationo     In   contrast  with  the  contracts  that  were   developed  under 
the  Office  of  Scientific  Research  and  Development,  the  grant  reduces  the  financial 
Support  of  research  to  the  utrnost  siraplicity, 

Each  recommendation  for  a  grant  raust  be  approved  by  the  National  Science 
Boardo     Having  been   so  approved  the  recipient  of  the  grant— usually  a  university 
or  College— receives  a  one"=page  letter  froni  the  Director,  which  states  in  simple 
language  that  the  Institution  has  been  awarded  the  grant   for  the  support  of  the 
research  of  Professor  Blanko     The   duration  of  the  grant  may  be  up  to   five  yearso 
The  letter  also  specifies  the  simple  terms  to  be   observed«     Ii   apparatus  is 
purchased  or  constructed,  this  is  at  once  the  property  of  the  institution»     There 
is  no  property  accounting,  nor  maintenance  of  annual  inventories»     The  money 
is  paid^in  advance,   usually  in  installments«      It  may  be  disbursed  by  the  university 
like  any  other  departmental  accounto     There  is  no  renegotiation,   but  the  account 
is  subject  to  friendly  audit  to  assure  that  it   is  being  used  as  originally  intended, 
Once  the  grant  has  been  made  it  is  the  responsibility  of  the  \miversity  to  administer 
it  so  that  the  research  to  be   done  is  carried  on  in  the  raost   effective  wayo      Should 
the  principal  investigator  for  any  reason  be  unableto   complete  his  program  under 
the  grant,   the  uncommitted  and  unspent  balance  is   returnable  to  the  Foundation, 

Thus,   the  buildLng  of   solid  foundations  for  the  future  economic  health  and 
security  and  general  welfare  of  cur  nation  is  provided  for  by  the   creation  of  the 
National  Science  Foimdatlon,,     The  mechanism  has  been  set  up,   is  operating  and  is 
ready  to  operate  on  the  greatly  enlarged  scale  that  is  required  if  the  nation' s 
needs  are  to   be  adequately  servedo     Through  its  Operation  --  provided  there  is 
sufficient   financial  support  by  which  it  may  be  enabled  to  perforra  its   several 
functions  —  it  may  render  assistance  to  our  universities  and  Colleges  towards 
becoraing  increasingly  the  important   source  of  new  knowledge  in   sciencej  and  to- 
wards identifying  and  training  the  able  youth  of  the  nation  to  play  its  part  in 
both  creating  and  applying  such  knowledge o 
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We  should  clearlv  distingu.ish  and  maintain  the   dlstinction  between  the  kind 
of  research  normally  done  hj  a  university  faculty  and  the  research  and  development 
procured  by  such  govemraent  agencies  as  the  military  departraents  and  the  Atomic 
Energy  Coramissicn„     The  former,   I  repeat,   lies  wlthin  the  sphere  of  the  university' s 
normal  responsibilityo     The  latter  is  a  public   ser^.'ice  function,    for  which  a  university 
alone   determines  the   extent  of  its   Obligation«      If  it  considers  that  it  has  the 
competence  in  the  way  of  facilities  and  personnel,  no  one  other  than  the  university 
authorities  themselves  has  the  right  to  sa3'"  whether  or  not  the  Institution  should 
undertake   such  werk,      It  is  their  o'im  affair  to   decide  vrhether  such  work  xfould 
desirably  contribute  to  the  normal  functions  of  the  institutiono 

Many  university  administrators  look  with  some  misgiving,  not  to  say  apprehension, 
on  the  great  volume  of  development  work  undertaken  by  the  universities  under  contract 
with  government  agencies»      They  note  that  this  inevitably  results  in   diver sion  of 
corapetent   scientists  fröre  their  norraal  scholarly  activities  to  administrative 
duties  and  to  directing  prograirmiatic  studies,  with  the  result  in  many  Instances 
that   a  research  scholar  is  permanently  lost  to  basic  research«     Moreover,  the 
intensity  of  developmental  activities  in  the  universities,   in  other  non-profit 
establishments,   in  government  laboratcriesj,   and  in  the  industrial  laboratories  - 

creates  salary  competition  that  the  universities  find  it  hard  to  neet.     The 
consequence  may  well  be  a  serious  deterioration  in  the  quality  and  quantity  of 
basic  research  produced  in  the  universities«     The  question  is  under   serious  stuc^ 
hy  university  administrators« 

In   considering  this   question  we  mfust   not  overlook  the  fact  that  the   scientists 
and  en,gineers  required  by  industry  can  come   from  only  a   single   source  ■ —  namely, 
the  \miversities.      ¥ays  must  be  found  to  increase  the  output,     VJe  must  look 
seriously  at  the  fact   that  our  technological   Industries  are   doubling  in  size 
every  ten  or  twelve  years«     To  maintain  anything  approximating  this  rate  of  increase 
requires  production  of  competent   scientists  and  engin eers  at  somewhere  near  the 
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corresponding  rate  of  increase»   The  present  rate  oi  groiith  of  our  Nation' s 
Population  is  a  doubling  in  sevent3'--five  years.  Clearly,  it  is  necessary  to  increase 
the  ratio  of  young  people  who  are  to  be  trained  in  the  sciences  to  the  total 
Population»  It  means  also  that  the  rate  at  which  we  produce  basic  knowledge 
must  increase  in  the  same  or  greater  ratio, 

Among  the  various  activities  prescribed  in  the  Act^  the  Foundation  has 
been  able  to  make  excellent  progress  during  the  two  years  of  its  existence, 
within  the  limits  set  by  restricted  funds,  It  is  supporting  some  5?5  postgraduate 
fellows,  selected  rigorously  cn  a  competitive  basis»  It  has  thus  far  not  been 
possible  to  pro^/ide  undergraduate  scholarship  aid,  although  this  is  in^ortant 
in  the  manpower  problem»   Perhaps  most  important  is  to  find  and  identify  the 
young  people  in  high  schools  who  are  capable  of  becorning  scientists  and  who 
have  an  interest  in  scienceo  This  is  being  studied«   In  its  various  activities 
the  Foundation  is  fortunate  in  the  help  it  is  getting  from  leaders  in  the 
sciences,  serving  as  consultantSo  Its  scie-ttific  Information  and  progran  analysis 
Offices  are  active  in  their  respective  assignments,  the  lormer  in  pro^'/iding 
emergency  aid  for  scientific  publication^  for  translation  of  '^Jissian  scientific 
literature  and  compilation  of  a  Russian  dictionary  of  scientific  terms,  and 
making  grants  for  aid  to  official  delegates  in  attending  international  scientific 
Conferences;  the  latter  in  gathering  and  analyzing  the  data  needed  to  leam 
the  nature  and  extent  of  govemment  support  of  research  and  development,  and 
to  provide  the  basis  for  other  reviews  and  appraisals,  Activities  in  connection 
with  the  register  of  scientific  personnel  are  also  well  under  way. 

As  you  permit  the  magnitude  of  this  task  of  adequately  meeting  these  various 
responsibilities  to  make  its  impact  upon  your  thinking,  you  become  aware  of  the 
magnitude  of  expenditures  that  must  be  made  to  reach  whatever  reasonable  goals 
may  be  set.  You  realize  then  that  although  the  amount  of  money  spent  by  govemment 
currently  for  basic  research  and  training  in  the  sciences  in  our  universities  and 
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other  non-profit  institutions  amounts  to  about   $70  inlllion  annually,  the  agency 
that  is   specifically  charged  with  the  fostering  of  basic  research  and  the  associated 
training  in  the  sciences  currently  has  the  disposition  of  about  h.%  of  the  total 
for  this  purpose»     Tou  realize^  particularly  if  you  happen  to  be  a  member  of  the 
National  Science  Foxmdation  staff,   that  the  disbursements  required  to  carry  on 
the  functions  prescribed  cannot  be  made  unless  soraehow  you  first  obtain  the  funds 
to   be  disbursed  for  these  purposes»     You  note  that  the  Act  has  "written  into  it 
a  ceiling  of  $15  million  annually  for  all  of  the  fanctlons»     Yourconcem  grows 
as  you  note  that   diring  the  first  two  years  of  its  active  existence  the  T'oundation 
has  had  |3.5  million  and  $üo75  million  respectively»     You  note  iriith  great  concem 
the  difficulty  of  communicating  the  füll  Import  of  all  these  things  to  those  who 
are  charged  x-ri-th  the  responsibility  and  authority  for  providing  the  funds.     You 
hope  that  to  the  greatest   extent  possible  industry  may  also  realize  the  serious 
implications   of  the  faets   stated  and  that  industry  will  help  the  universities 
to   engage  in  their  normal  research  and  to  increase  their  output  of  competent 
scientists  and  engineers^   but  you  realize  also  that  it  will  probably  be  a  long 
time  before  industry  takes  over  an  appreciable  part  of  this  responsibility.     In 
the  meantime  the  responsibility  rests  squarely  on  govemment, 

To  bring  you  the  latest  infomation  a^  out  the  prospects  oi    the  Foundation 
in   fiscal  year  19^h<,   I  may  reoort  that   the   Bureau   of  the  Ridgetj   in  this  year  of 
pressure  on  budget  redu.ctions,   approved  .$12-|  million  of  the  $1^  million  requested. 
This   is   streng   evidence  of  recognition  by  the  Executive   Branch  of  the  importance 
of  the  Foundation' s   objectiveso     Mcreover,   in  support  of  the   5l24  million,  the 
Director  of  the  Budget  indicated  that  the  amount  of  the  increase  over  this  year' s 
appropriation  is  more  than  accounted  for  by  decreases  in  justifiable  requests  for 
sirailar  purposes  by  other  agencies»      Thus   it  is  made  clear  that   there  is  no  over-    -^ 
all  increase,   but  rather  a  decrease.     The  administration's  policy  is  to   centralize 
the  government' s  prograras  for  the  support  of  basic  research  in  the  National  Science 
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Foundation,   but  that  other  agencies  mll  be  allowed  to  support  basic  research 
directly  related  to  problems  for  which  they  have  statutory  responsibility, 

Within  the  past   few  days,  the  House  has  taken  action  of  recommending  $5,72i|,IiOO. 
This  was  not  imexpected,   but  it  is  not  too   discouraging,   since  it  represents 
an  increase  of  $97h)hOO  over  the  Foimdation' s  appropriation  for  19^331   ''^^e  present 
fiscal  year.     We  lock  hopefully  towards  action  by  the  Senate.     There  is  evidence 
of  increasing  linder  st  an  ding  in  the  Legislative  Branch  of  the  nation's  needs,  and 
of  its  desire  and  Intention  to  do  what  is  require  to  meet  them.     An  example  of  this 
understanding  is  the  bill  introduced  in  the  Senate  by  Senator  Alexander  Smith  which 
provides  for  the  removal  of  the  $1$  million  ceiling  OT*itten  into  the  original  Acte 
The  companion  bill  has  been  introduced  in  the  House  by  Representative  Wol verton, 
These  have  the   support  of  the  President.     All  of  this  is  a  solid  basis  for  optimism. 

I  am  happy  to  report  also  that  vjithin  its  limited  means  of  the  past  two  years 
of  its  Operation,  the  Foundation  has  been  able  to  provide  grants   supporting  three 
excellent  research  projects  in  this   state^   one  of  which  was  raade  to   Sta-te  College^ 
vilth.  Dr»   L.  Co    Behr  as  the  principal  investigator.      It  was  also  able  last  year 
to  award  one  fellowship  for  graduate  study  in  Mathematics,  to  Edvrard  E,  Grace, 
of  Corinth^   and  to    continue  this  award  for  another  year|   and  this  year,  to  make 
an  additional  award  for  graduate   study  in  Agriculture  to  Jesse  Lo  Fletcher,   of 
State  College,   part  of  whose  undergraduate  work  was   done  here.     Moreover,   in 
addition  to  the  fellowships  granted  to  applicants  from  Mississippi,   there  were 
two  honorable  mention  citationss     to  Robert  L»  Rutledge,   of  Sandersville,   and 
James  H,  Long,    of  Jackson,  who  attended  State  College»     When  you  consider  that 
applicants  for  both  grants  and  fellowships  are  competing  with  sorae  of  the  best 
in  the  country,    and  that  awards  are  made  on  the  basis  of  excellence  and  merit, 
the  record  I  have  cited  is  one  in  which  those  concemed  may  take  pride  and 
satisf action»     It  gives   encouraging  promise  for  the   futureo 
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From  vjhat  I  have  so  inadequately  said,   I  hope  that  I  may  have  succeeded 
in  establishing  in  your  minds   sorae  picture  of  my  own  thinking  about  our  needs, 
and  about  the  means  we  may  employ  in  establishing  our  foundations  more   solidly, 
so  that  the  structure  of  technology,  by  which  we  promote  our  welfare  within 
the   State  and  as  a  nation,  raay  grow  soundly  and  substantially,     My  task  of 
making  preparations  to  appear  before  you,  and  to  share  these  ideas  with  you, 
was  a  rnost  pleasant  one.     It  has  been  enlightening  to  me,  and  I  shall  be 
retuming  to  my  regulär  labors  vjith  the  appreciation  that   coraes  from  better 
knowledge  and  from  the  kind  of  understanding  that  can  develop  onlj  from  personal 
associationso 

May  I  again  express  to  you  my  great  satisfaction  for  the  privilege  of 
addressing  you^   and  my  best  wishes  for  the  continuing  progress  of  this  fine 
institution»     May  all  of  you  who  are  associated  with  it,   and  who  are  responsible 
for  its  administration  and  for  its  great  raission  in  teaching  and  research,  find 
new  Inspiration  and  nex^r  enthusiasms  in  this  anniversary  celebration  to  move 
towards  new  accomplishments  of  service  to  the  increasing  numbers  of  people 
for  whose  benefit  Mississippi  State  College  was  founded  seventy-five  years  ago. 
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STRUCTURAL  MGINEERING  LOOKS  AHE&D  THROUGH  RESEARCH 

By  Mace  H,    Bell 
Assistant  to 
Director  of  Engineering 
American  Institute  of  Steel  Construction,   Ine, 

It  is  indeed  an  honor  and  a  pleasure  to  take  part  in  this  "Research  Symposium j* 
arranged  in  commemoration  of  the  Seventy-fifth  Anniversary  of  Mississippi  State 
College«     Each  tijue  I  have  visited  State  -  and  these  Visits  have  been  at  too  widely 
separate d  intervals   since  my  graduation  some  twenty  odd  years  ago  -  I  have  feit 
a  thrill  of  pleasure  to   see  new  buildings  and  signs  of  groirth  everywhere,     These 
are  visible  evidence  of  the  increasingly  important  part  that  the  College,  with  its 
classrooms  and  laboratories,   is  playing  in  the   development  not  only  of  Mississippi 
but  of  the  entire  South,  my  native  regiono      I  am  glad  to  be  h^ome  once  againi 

Research  is  a  very  vital  factor  in  keeping  our  countryj   our  industries  and  our 
entire   economy  strong,    sound,   and  healthy»     Tou  have  heard  from  our  Speakers  of 
yesterday  of  the  fruits  that  constant  striving  on  the  part  of  many  thousands  of 
physicists,   chemists,  mathematicians  and  engin eers  has  bome  in  several  fields» 

The  fruits  of  research  and  engineering  development  are  evident  all  over  Mis- 
sissippi,  everywhere  you  tum«     Wien  I  was  a  boy,   the  Delta  north  of  ny  hcme- 
town  of  Vicksburg  depended  on  manpower,   raules,   and  richness  of  the  land  to  raise 
their  staple  crop  -  cotton»     Today,   manpower  is  used  more  efficiently,  machines 
have  replaced  the  mules;   and  huge  quantities  of  chemical  products  are  used  to 
enrich  the  soil,   control  insects  and  plant   diseases,   and  as  a  result,  to  increase 
the  productivity  of  our  lands  to  meet  an  ever  increasing   deraand, 

It  used  to  be  a  major  undertaking  to  drive  from  Vicksburg  to  Starkville  by 
automobile  in  those  days.  Cur  roads  were  of  gravel,  narrow  in  width,  with  many 
tortuous  curves  and  steep  grades  in  the  hill  country,     Our  bridges  were  inadequate    ■ 
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too  light  for  heavy  trafiic«     Sometiraes  our  streartis  floodecl  the  low  lands,    delaying 
a  joumey  for  licurso     Today,   aided  by  the  knowledge,  materials,   and  equipment  put 
into  their  hands  through  research,   civil  engineers  have  made  that  same  trip  possible 
in  a  matter  of  a  lew  hcursa     Our  highways  are  xiide  ribbons  of  smooth  pavement,   our 
new  bridges,    designed  to  provide  adequate  clearance  and  capacity  for  all  traffic, 
vault  high  above  the  waters  of  our  streariS.     The  streams  themselves  are  checked 
against  ujicontrolled  floods  by  levees,   Channel  improvements,   storage     reservoirs 
and  other  raeans« 

A  quarter  Century  ago,  Mssissippi  was  primarily  an  agricultural  state,     Industria] 
developrtient  was  limited  in  e>rtent,   and  products  were  few  in  number,     Today,  new 
factories  are  springing  up  all  over  the  state;   products  that  xfere  unknovm,   and  processeE 
that  xrere  uncreamed  of  are  the  basis  of  nuch  of  this  groi-rth.     Our  j^oimg  men  of  today, 
such  as  the  fine  student  body  here  at  State,   take  these  as  relatively  commonplace  - 
natural  gas  transmission,   television,   super-sonic  speed  planes,   60  mile  an  hour 
highways,   atoraic  energy  -  yet  many  here  can  remember  the  wonder  they  feit  when 
such  development  first   came  into  beingo     Research,   scientific  Exploration,   engineering 
development,  together  have  made  these  things  possible« 

I  have  touched  veiy  briefly  on   some  of  the  changes  that  have  come  about  in 
recent  years.     Now,    I  jTiust  teil  you  of  the  progress  that  has  been  going  on  in 
structural   engineering^  The  discoveries  that  have  Ijeen  made,  the  improvements 

and  changes  that  have  'ce  en  wrought  in   our  bridges  and  buildings,   are  perhaps  not 
as  spectacular  and  dramatic  as  nucluear     fission,   "uiith  its  dual  possibilities  for 
terrible   destruction  and  unlimited  poxier  -  3''et,   tYiej  have  contributed  rauch  to  the 
development  of  the  huge  factories  and  plants  that  house  the  industrial  might  of 
this  country»     They  have  had  definite   effects  on  the  appearance,    serviceability 
and  life  of  our  bridges t.     They  have  brought  noticeable  changes  in  the  appearance, 
usefulness  and  economy  of  the  many  types  of  buildings  and  other  structures  required 
by  the   demands  of  today's  civilisation,  •    - 
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Here  too,  research  has  played  an  important  part.  Such  changes  have  not  come 
ovemight«  Instead,  tlirough  constant  stadj?-  and  continuous  activity  on  the  part 
of  many  research  workers,  mathematicians,  engineers  and  professors,  new  approaches, 
new  materials  and  new  methods  have  been  evolved.  The  present  state  of  the  arts 
of  structural  engineering  and  constructlon  cannot  be  credited  to  one  group.,  or 
even  a  few.  It  is  the  result  of  the  uork  of  many  individuals  and  organizations 
that  are  connected, with  the  very  large  field  of  structural  constructlon. 

The  developmentsj  changes  and  improveraents  that  have  been  made  in  this  field 
make  a  story  that  is  entirely  too  long  to  recount  here«,  I  shall  therefore  try  to 
teil  you  specifically  of  some  of  the  more  important  happenings  that  have  come  about 
in  the  one  part  of  that  field  with  which  I  am  best  acqaainted  -  structural  steel 
constructlon» 

Perhaps  I  should  digress  here  for  a  moment  to  teil  joxi   briefly  about  the 
American  Institute  of  Steel  Constructlon  and  i^'hat  it  doesi   It  is  a  ser^/ice  Organization, 
a  trade  association,  representing  the  structural  steel  fabricating  industry  in  the 
United  States»  It  operates  as  a  nonprofit  Organization,  supported  by  dues  paid  by 
some  289  individual  member  fabricating  companies  who  handle  over  80/b  of  all  stru.ctural 
steel  work  going  into  bridges,  buildings  and  other  franed  structures  in  this  countiyo 
Founded  in  1921,   it  has  been  dedicated  to  the  following  purposes: 

lo  To  increase  the  fund  of  useful  engineering  knowledge  and 

to  prcmote  the  science  and  art  of  steel  constructlon  through 
technical  research» 
2o  To  stiraulate  through  cooperative  effcrt,  efficiencies 
and  economies  in  the  design,  fabrication  and  erection  of 
structural  steel» 
3o  To  disseminate  all  such  Information,  and  to  assist  in  its 
application  through  a  staff  of  engineers. 


\ 
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k«     To  promote  the  grotrrbh  of  the  industry  by  expanding  its 

possibilities  and  its  markets. 
5.     To  collect  and  publicize  Statistical  Information. 
60     To  fester  improvement  of  conditions  and  business  relations 
xiiithin  and  vjithout  the  industry o 

It  is  of  interest  to  note  that  three,    or  one-half,   of  these  primary  objectives 
are   directly  concemed  ijith  research,  and  the  engineering  application  of  Information 
so  obtained  to  practical  problems  of  steel  construction. 

The  Institute   does  not  maintain  a  research  laboratory  of  its  ovm.     Our  policy 
has  been  to   cooperate  trith  other  vltally  interested  organizations  and  governmental 
departments  in  Sponsoring  both  ejqjerimental  and  analytical  investigations.     The 
greater  part  of  this  work  is  currently  being  carried  out  under  the  direction  of 
several  research  Councils  whose  merabership  and  financial  support  is   drawn  frcm  their 
Sponsoring  bodies»     The  actual  laboratory  work,   analysis  of  data^   and  preparation 
of  technical  reportsare  handled  by  individuals  associated  Tiäth  the  laboratories 
conducting  the  worko 

In  some  cases^  xirhere  a  field  of  investigation  has  been  limited  in  extent, 
of  a  nature  that  is  not  wlthin  the  scope  of  an  existing  coimcil's  broad  fields, 
or  of  interest  primarily  to  the  Institute  ~  we  have  sponsored  other  experimental 
investigations  through  various  arrangeraents  using  the  facilities  and  staffs  of 
laboratories  at  indlvidual  Colleges,   at  the  National  Bureau  of  Standards,   and  at 
companies-wMchmaintain  their  own  research  departments« 

Some   insight  into  the  scope  of   structural  investigations  being  carried  on  in 
the  field  of  steel  construction  can  be  gained  by  a  brief  resume  of  projects  now 
underway  under  the  direction  of  four  different  Research  Councils,     The  membership 
of  these  Councils  is  made  up  of  individuals   drawn  from  the  ranks  of  engineers, 
scientists  and  educators,,    and  represents  the  top  talent  that  can  be  assembled» 
The  Councils   serve  to  give  guidance  and  direction  to  the  various  programs  undertakenj 
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and  contribute  their  varied  knowledge  and  talents  to  the  most  affective  Solution 
of  each  projectc     As  one  of  their  Sponsors,   the  Institute,   in  collaboration  with 
other  vitally  interested  organizations  and  governmental  departments,   is  currently 
interested  in   experimental  and  analytical  investigations  at  a  dozen  American  engine- 
ering  Colleges  and  at  the  Mellon  Institute  of  Industrial  Research,.     Briefly  these 
Councils  includes 

The  Welding  Research  Council,  which  under  the  supervision  of  its 
Structural  Steel  Coramittee,  has  programs  of  investigation  to    deterraine 
the  behavior  of  welded  continuous   frames  and  their  component  girders, 
knees,   and  columns,   loaded  well  into  the  plastic  ränge» 

The  Research  Council  on  Riveted  and  Bolted  Structural  Joints,    f irst 
organized  in  19Uj 3  which  is  active  in  obtaining  a  better  understanding  of 
the  actual  behavior  of  structural  joints  assembled  ^-jith  either  rivets  or 
boltSo     Its  Overall  program  is   divided  into  a  number  of  separate  projects 
covering  investigation  of  the  followingj      effect  of  rivet  bearing  on  static 
and  fatigue  strength  of  plates;    effect  of  rivet  pattem  on  static   strength 
of  joints j   strength  of  rivets  in  combined     shear  and  tensionj    strength  of 
bolted  structural  joints;   effect  of  grip^   connection  pattem, and  high- 
strength  steel  on  the  fatigue  strength  of  joints,  both  bolted  and  riveted» 

The  Coluran  Research  Council^  which  has  projects  underway  that  at  the 
present  time  includes  investigation  of  residual  stresses  in  columns  in 
structural  frames j   the  effect  of  initial  eccentricities  in  columns 5  the 
buckling  of  rigid  Joint   structures  with  special  consideration  to  columnsj- 
inelastic  stability;   lateral  buckling  of  beamsj    coluran  interaction  formulasj 
and  stability  of  bridge  chords  without  lateral  bracing, 

The  Steel  Structures  Painting  Council,  that  is,   as  its  name  implies, 
concemed  m.th  the  surface  preparation  and  painting  of  steel  structures. 
Its  work  is   directed  to  the  investigation  of  existing  methods,  and  the 
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improvement  of  procedures  and  raaterlals«     In  addition  to  its  research  work, 

it  has  underway  the  preparation  of  a  series  of  specifications  covering  surface 

preparation  and  paintingj  and  the  compilation  of  a  complete  Mahual  of  Paint- 

ing  Practice» 

In  the  past  two  decades  the  engineering  profession  has   developed  new  methods 
and  improved  on  older  procediires,  used  in  s^nalyzing  the  stresses  in  structural 
frameworks  and  in  designing  members  and  connections  to  resist  these  stresses«     Aided 
by  time-saving  methods^,   and  such  short-cutting  devices  as  Charts,   tablöä  and  graphs 
developed  through  theory^   research  and  model  testing,   the  structtiral  engineers  of 
today  do  not  hesitate  to  take  füll  advantage  of  the  economies  that  can  be  achieved 
through  use  of  new  knowledge  as  it  is  made  available  through  research. 

These  advances  in  engineering  knowledge^   paralleled  by  advances  in  steel 
fabrica.ting  techniquesj  have  given  the  structural   engineer  opportunities  to  use 
greater  imagination  and  ingenuity,  together  with  sound  judgement,  to  achieve 
improved  and  advanced  deslgns  for  today' s  bridges  and  buildingSc 

In/hat  are  some  of  the  practical  results  that  have  come  about?     VJhat  is  meant 
bv  the  terms  -  "rigid  frame  knees,"   "continuous  framesj,"  "the  plastic  ränge"? 
These  are  questions  that  probably  occur  to  you» 

First  let  me  teil  you  of  some  of  the  practical  results  that  such  programs 
have  brought  about  in  our  present-day  structureso 

We  are  all  familiär  with  one  or  more  of  the  usual  truss-type  bridges  that 
span  our  larger  streams»     Other  than  the  ver;^''  obvious  facts  that  they  have  mder 
roadways  and  appear  to  be  built  more  strongly  than  early  bridges,  what  is  different 
aboTit  them?     Well,  many  of  the  older  bridges  were  designed  with  tension  members 
of  flat  "eye-bar"  type,   and  compression  members  of  hollow  box  shape  built  of  angles, 
plates  and  lacing  barsc     These  members  were  then  pinned  together  xväth  large  cylindrical 
pins  to  make  the  familiär  triangulär  pattem  that  forais  the  outline  of  a  truss  bridge. 
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Today  the  members  of  our  bridges  have  changed  completely  in  appearanceo     "he 
so-called  "eye-bars,"   flat  pieces  of  steel  with  a  Single  large  hole  in  each  endj 
the  built-up  box  member  with  its  pattem  of  zigzag  or  X-t.'/pe  laciiig,   and  the  large 
pins  are  infrequently  used  for  main  truss  members.     Instead^   bridge  engineers  use 
members  that  in  cross-section  look  like  the  capital  letter  H.,    er  like  rectang'u.laa;' 
boxes.     These  frequently  consist  of  a  Single  pieee  of  steel,,  rolled  to  a  shape 
called  a  Wide  Flange  section,,   or  they  are  built  up  viith  yarious  combinations  of 
angles,   plates  and  perforated  cover  plates.     The  pinned  truss  Joint,  with  few 
exceptionSj  has  been  replaced  by  riveted  connections. 

The  Substitution  of  rolled  sections,  of  perforated  cover  plates  wifch  access 
holes  in  lieu  of  lacing,  and  of  rigid  riveted  joints  have  all  contrjbuted  a 
great   deal  to  the  appearanceo   the  strength.,   and  econoray  both  in  first   cost  and  in 
maintenance  cosrts  of  steel  bridges. 

The  perforated  covsr  plate  perhaps  offers  a  tTpical  example  of  a   specific 
i'esult  of  research»     Hea\'y  bridgemembei-s  built  up  of  many  oomponent  pieces  must 
be  adequately  tied  together  to  prevent  locg.l  buckling  of  their  partes.  a.t  the  same 
tim.e  means  of  access  to  their  interiors,,  for  Inspection  and  repainting,,  npist  be 
provldedo     As  x,he  outgrcwth  of  a  ressareh  program  condtcted  at  the  National  Bureau 
cf  Standards j   it  was  determined  that  the  net  area  of  perforated  cover  plates  ean 
be  included  vilth  the  area  of  the  ina.in  component  parts^   in  proportloning  a  member 
for  axial  stress»     As  a  result„  this  type  of  inejiber  is  quite   frequently  seen  in 
our  new  bridges» 

Riveted  connections  have  been  used  in  both  bridge  and  building  consti"uction 
ever  since  steel  and  iron  came  into   common  use  as  a  stiTictural  material«     For  a 
long,   long  time  certain  rules,    established  many  years  ago^   eoncernlng  proportloning 
of  such  joints,  were  followed  without  major  change.     In  recait  years«   in\'estigatürs 
found  that  some  of  these  xules  were  veiy  conservative^   had  little  basis  for  their 
exLstence^  and  were  in  need  of  revision  or  modification. 
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Oat  of  a  wealth  of  data  and  iiiformation  on  tlis  actual  behavior  of  riveted 
joints,  accumilated  by  inany  Independent  research  investigations  and  more  recently 
by  Joint  effort  undsr-  guldance  of  the  Research  Coimcil  on  Riveted  and  Bolted 
Structural  Joints,   have  come  new  rules  that  are  more  nearly  in  aecord  with  the 
actual  behavior.     Today  we  permit  higher  bearing  valuesj  >ie  aecord  rivets  in  direct 
tension  the  same  allowable  stress  as  that  permitted  in  connected  parts,   and  we  have 
developed  rules  for  proporT-^ioning  connectionsj  where  rivets   carry  combinations  of 
shear  and  direct  tension. 

Althcugb,  the  use  of  bolts  has  been  recognized  for  iiB.ny  years^  it  has  been 
customary  to  use  lower  iforking  stresses  and  hence  reore  bolts  to   do  a  given  amoimt 
of  work  in  a  coniection.      Other  limiting  factors,    dictated  by  specification 
provisions  and  by  experience,,  have  until  quite  recently  restricted  the  füllest 
utiliaation  of  bclts  in  stractural  work. 

The  use  of  high^-teosile  steel  bolts«  prestressed  to  a  tension  such  that  f'riction 
between  the  connected  parts  transfers   the  stress:  frcm  one  member  to  another^   is  one 
of  the  outstanding  develcpments  'that  have  taken  place  within  the  past  five  years. 
Investigatxons  ccndicted  under  the  sponsorship  of  the  Research  Council  on  Riveted 
and  Bolted  Structural  Joints,    culminating  in  the  issuance  of  a  specification ^   have 
stimulated  interest  in.,  and  acceptance  of,  this  t^rpe  of  connection  in  both  bridge 
and  building  work. 

In  bridges  and  other  dynaniically  loaded  structures^  the  superiority  of  high 
prestressed^  hxgh-strength  bolts  has  been  proven  both  by  laboratory  investigation 
and  hj  actual  field  test  i^istallations.     Few  building  connections  are  subject  to 
the  c^nasic  loading  and  Vibration  that  occur  in  bridge  construction.     Nevertheless., 
the  use  of  high-strength  bolts  for  field  connections  has  rauch  to  offer  and  is 
gaining  wide  acceptance  and  use  today. 

Soon  after  the  issuance  of  the  Coujicil's  Specification  on  the  use  of  high- 
tensile  bolts  in  January,,   1951  >  the  A.I.S.C,  in  April  of  that  year  endorsed  it  as 
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representative  of  good  practice.     Less  than  a  year  later,   the  American  Railwaj 
Bigineering  Association  adopted,   in  tlarch,   1952,   identical  specification  provisions, 
thus  permitting  their  use  in  railway  bridges. 

The  story  of  progress  and  developraent  in  the  use  of  structural  welding  goes 
back  some  twenty-odd  years.     It  was  not,  however,  until  after  the  close  of  World 
War  II  that  this  method  of  joinirg  structiiral  steel  came  into  its  own.     Its  increasing 
use  can  be  credited  to  a  nuraber  of  factors,    Chief  among  'Käiich  are  the  training 
of  large  niimbers  of  ccmpetent  weiders;   the  development  of  welding  equipment  and 
electrodes  to  a  high  degree  of  perfectionj  the  close  Cooperation  by  engineers, 
equipmait  manufacturers  and  fabricators  in  developing  ways  and  means  to    do  a 
better  Job  at  less  cost  in  time  and  material;  and,   last  but  not  least,   the  improve- 
ment  in  materials,  raethods  and  procedures  brought  about  by  metallurgical  and 
stxTictural  research, 

There  are  veiy  iraportant  dlff  erences  betx-Jeen  a  well-executed  welded  design 
and  its  riveted  or  bolted  counterpart.     In  welding,   for  example,   the  various 
elements  of  a  framework  are  often  joined  together  xrith  a  miniiraim  of  connecting 
detail  raaterial,     Gusset  plates  of  tnisses  are  frequently  eliminated,  but  welds 
replace  plate  and  angle  wind  connections,   and  plates  replace  angles  as  stiffeners 
for  webs  of  girders.     A  vjelded  connection  is  nsijally  designed  for  the  particular 
load  that  it  imist  transmit,   since  there  is  not  the  same  need  to  standardise  detail 
parts  as  is  the  case  in  riveted  work. 

In  the  structural  field,  welding  has  had  mach  more  extensive  groiiith  in  its 
application  to  buildings  than  in  bridges.     There  are  various  reasons  for  this, 
a  detailed  discusslon  of  %iriiich  would  take  more  time  than  is  available,      It  is 
sufficient  to   say  that  xrelding  has  been  used  successfully  in  both  types  of 
structures.     The  American  Welding  Society  has  established  detailed  requirements 
on  qualification  procedures,   inspection  and  workraanship,  material  requirements 
and  so  on  in  separate  specifications  for  buildings,  and  for  bridges»     From  time 
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to  time,   as  new  Icnowledge  has  been  gained  through  research  and  experience,  these 
reqiiireTTients  have  been  aiodified  in  the  light  of  that  knowledge« 

The  A.   I»  So   Co   and  varioiis  bridge  authorities  recognize  welded  fabrication 
and  cooperate  closely  i.dth  the  American  Welding  Society  in  keeping  its  specifications 
and  Standards  up  to   date  as  research,   improvBments  in  materials  and  fabricating 
techniques,  and  the  developraent  of  new  methods  and  assemblies  have  dictated, 

The  steel  truss  and  colurnn  fraraing  commonly  used  in  g^Tunasiuras,  hangars, 
indastrial  buildings  and  the  like  is   familiär  to   ever^-one.     In  recent  years  a 
new  type  of  framing  for  these  structures  has  come  to  the  fore,     It  is  the  so-called 
"rigid  frame,"   consisting  of  colurnns  and  girders  rigidly  fastened  together  at  the 
roof  peak  and  at  the   eave  line  by  special  parts  that  are  called  "knees."     Design 
of  the  colurnns  and  girders  offered  no  particular  problem  to  an  engineer,   but  until 
recently  nothing  was  Icnox-jn  of  the  stress   distribution  in  the  "knees." 

Data  obtained  from  large  scale  model  tests  conducted  at  the  Ifetional  Bureau 
of  Standards,  and  at  Lehigh  University,  were  used  in  the  development  of  a  theoiy 
of  analysis  of  the  problem  that  serves  as  the  basis  for  the  design  of  these  knee 
sections  today.  .- 

Perhaps  one  of  the  most  far-reaching  and  outstanding  developments  in  the   aitire 
fleld  of   steel  framed  building  construction  is  that  coFjnonly  termed  "light-xiieight 
construction»"     In  essense  the  term  raeans  that  everj  pound  of  dead-weight  not  neces- 
sary  in  the  construction  of  a  top-quality^,    fire-resistive   structure,   has  been 
eliminated.     This  construction,   particularly  suited  to  the  great  nuraber  of  raulti- 
story  buildings  risirrg  in  our  cities  for  Offices,  hoteis,  apartments,  hospitals 
and  the  like,   represents  the  results  of  research  in  ma.r?y  fieldso     It  is  not  a 
development  that  can  be  credited  to   steel  research  alone,   for  it  represents  the 
Integration   of  m^uch  research  and.  developinent  work  by  r^^any  allied  Industries   in  the 
construction  field« 
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Not  too  many  years  ago,    steel  iramed  buildings  of  the  highest  fire-resistive 
rating  had  each   column  and  beam  indl\'idually  encased  in  heavy  masonry  concretej 
brick  or  tile.     The  framework  xras  fiirther  subjected  to  heavy  dead-weights  of  concrete, 
on  the  arch  floor  Systems  and  various  forms  of  e::terior  masonry  iralls,  usually  of 
12-inch  minimura  thiclaiess, 

Today,   the  same  fire  rating  is  achieved  by  use  of  a  light-weight  fire-resistive 
plaster,   placed  to   form  a  ceiling  under  the  floors  and  an  envelope  around  each  coliimno 
This  protection  also  serves  the   dual  purpose  of  providing  much  of  the  interior  finish, 
Today,    steel  floor,   roof  and  xjall   elements,   combined  with  light-weight  concrete  and 
various  insulating  raaterials,  have  taken  the  place  of  the  heavier  masonry  construction, 
resulting  in  lighter  and  nore  efficient  floors  and  thinner  and  more  effective  walls. 
The  dramatic  weight  reductions,   achieved  through  these  combinations,  result  in 
larger  overall  economies  in  the  costs  of  a  structure,   and  they  entail  no  sacrifice 
of  quality,    strength,   or  fire  resistiveness  in  the   structure, 

Until  very  recently,   practic^lly  all  multi-story  steel  fra.Tied  buildings  have 
been  desigTied  T:ith  cne  concept  of  action  under  vertical  loads,  and  Tiiith  an  entirely 
different  concept  for  horizontal  loads  due  to   winds,   earthquake  forces,   and  the  like, 
This  is  somewhat  of  a  contradiction  that  has  Ixen   difficult  to  justify  in  the  minds   of 
precise  stress  analysists.     Yet,   the  assumptions  have  many  valid  and  practical  reasons 
that  have  resulted  in  a  continuance  of  the  practice  to  this   day. 

A  typical  framework  for  such  a  building  consists  of  a  series  of   connected  xdnd 
bents,   each  raade  up  or  rows  of  vertical  ,columns,   with  horizontal  lines  of  girders 
at  the  floor  levels,     The  girders  are  connected  to  the   columns  in  such  a  way 
that  they  can  support  vertical  loads  and  at  the  sarae  ti  me  resist  horizontal  vrind 
forces  that  tend  to  make  the  building  frame  distort  out  of  its  true  vertical  position. 

Recognizing  the  fact  that  as  the  girders  deflect  under  vertical  loadings,   their 
end  connections  are  subject  to  stresses   similar  to  those  caused  by  horizontal 
loadings,   the  Institute  Specification  was  revised  some  years  ago  to  permit  three 
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basic  types  of  design  liTirier  cerbaln  stated  conditlons  go-raming  ths  sise  of  merabers, 
and  tjrpes  and  strength  of  their  ccnnections.     These  are;         '  ^ 

Tj.'pe  1«     The  "rigid-framej"    ^-jhich  assuraes  that  end  ccnnections 
of  all  raembers  have  SLiffieient  rigldity  to  hold  virtually  un- 
changed  the  original  anples  beti^een  the  connected  raembers. 
Type  2o      "Simple  frariiing^    -jhich  assumes  that  the  end^  oi  beams 
and  girders  are  connected  for  shear  only  and  are  free  to  rotate 
■ander  load.  .     .    .■  ■  ■  ■• 

Tjrpe  3o      "Serd-rigid  frariag^'  T-7r_ich  assmaes  that  the  ccnnections 
of  beams  and  girders  possess  s   dependable  and  kno^m  raoment  capacity, 
intermediate  in  degree  betveen  the  complete  rigiditj^  of  Tjrpe  1, 
and  the  complete  flexLbility  of  Tj/pe  2« 
This  reccgnitiori  that  the  mernbers  sjid  connections  of  a   striictiiral  framework 
are  stibjected  to  varying  stresses  and  strains  x-mich  are  dependent  on  their  proportions 
and  stixfness,  regardless  of  what  theoretical  assuiaptions  a   designer  maj'-  haTe  made, 
has   led  to  a  great   deal  of  research  on  the  actual  behavior  of  "seini -rigid"  and 
"continuous"   iramngo 

An  extensi\'"e  prograju  of  tests  of  various  beaj-.i-to-colurin  connections j  includLng 
wind  connections  rnade  uo  of  angles  or  split-T's  and  web-franed  connections,  t^ypical 
of  those  commonly  employed  in  multi-storj'  Building  Woi-k^   in  combination  i-äth  these, 
x\ras  undertaken  at  Lehigh  üniversitA'o     Ths  degree  of  end  restraint  afforded  b3'  such 
connections  over  a  "wide  ränge  of  a""iplication  uas,  experimentally  deterininedo     The 
data  and  inforrnation  obtained  "were  then  nsed  to   de'/elop  a  recoinmended  design  procedujre 
which  enables  the  engineer  to  take  fu.ll  advantage  of  the  economies  tha.t  can  be  - 

achieved  in  proportioning  rnain  itiemb^rs  joxned  by  " seirä-rigid"   connections,   lith 
füll  assurance  that  they  xjill  perform  as  he  intenc'cd  them  tOs 

Another  evai  more  recent   change  in  the  speoification  affecting  "continuous 
framing"  is  of  great  significance  to  structural  engineers  today,     It  points  the 
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way  to  an  entirely  new  concept  of  stmctural    design  already  in  use  in  England  and 
under  research  and  development  in  this  country, 

The  change  to  wliich  I  refer  is   encoinpassed  in  tx-jo  provisions  that  permit  a 
20^  increase  in  the  perinitted  bending  stress  used  in  proportioning  beams  and  colvunns 
of  continuous  framing.     The  conditions  under  Tfhich  this  increase  is  sanctioned 
are  based  on  considerations  of  the  behavior  of  continuous  framing  and  of  the 
actual  behavior  of  the  ductile  material,  A-7  steel. 

A  comparison  of  the  critical   design  bending  inoments  for  tiro  adjacent  uniformly- 
loaded  siraple-span  beams  of  equal  length  and  a  beara  similarly  loaded  but  continuous 
over  both  spans,   indicates  that  both  vrould  fail  at  the  same  loading,     This  is  a 
comparison  that  Ripley's  "Believe  it  or  Not"   featured  some  years  ago,     Nevertbeless, 
in  the  case  of  steel,   the  ultimate  load-carrying  capacity  of  the  continuous  beam 
is  much  greater  than  that  of  the  two  simple-span  beams, 

Continuous  beam-analysis  is  not  the  simplest  thing  in  the  world,   so  to  visualize 
the  action  that  takes  place  when  framing  is  raade  continuous  let's  consider  the 
Problem  of  two  uniforraly  loaded  Single  spans,   one  sirnply  supported,   the  other  xjith 
fully  fixed-ends.     Let's  assume  that  no  additional  load  can  be  placed  on  either 
beam  without  complete  collapse  uhen  the  extreme  fibres  resisting  the  positive  bending 
raoment  at_  the  center  of  their  spans  have  reached  a  yield  point  stress  of  33  k.s.i. 
Let's  also  assume  that  after  the  extreme  fibres  at  the  restrained  ends  of  the  fixed- 
end  span  have  reached  yield  point  stress  of  33  k.s.i.  they  tjül  continue  to   cariy 
that  stress,   but  x-rill  yield  plastically  in  much  the  same  manner  as  will  a  steel 
bar  in  direct  tension. 

Sincp  conventional   design  procedure  requires  that  the  simple  span  be  proportioned 

for  a  bending  stress  of  WL,    and  the  fixed-end  span  for  ^iJL,  we  "nill  select  beams 

~E  12 

with  bending  resistance  capacities  in  the  ratio  of  3  to  2  for  the  two  Systems  of 

framing.  Hence,  in  both  cases  the  same  load  xjill  produce  the  same  extreme  fibre 


stress  -  in  the  first  case  at  mid-span  and  in  the  second  case  at  the  restrained 
eads. 

Noi:  let    's  add  loads  to   each  span  until  the   center-span  ejd:reme  fibre  stress 
in  each  reaches  2i2>  k.s.i.     Up  to  the  point  where  the  e:rtreme  fibre  stresses  at  the 
restrained  ends  oi  the  fixed-end  beam  reach   'i'j  k.s.i«,   the  rnoment  produced  1:7^  its 
increased  loading  will  be  distributed  2/3  to  the  ends  and  l/3  to  mid-span«     At  this 
stage  of  loading,   then,   the  raid-span  fibre  stress  is  one-half  of  2'Z  k.s.i.;  yet 
this  same  total  applied  load  läll  cause  collapse  ox   the  simple  span. 

Let's  continue  to  apply  additional  load  to  the  fixed-end  ceanio      Diie  to  the 
ductile  natura  of  the  steel  at  greater  than  yleld  point  stressj  a  portion  of  the 
beara  at  each  support  merely  deforras  without  carrying  additional  raoinent,   and  all 
additional  iTior:ient   caused  by  increasing  the  loading  nrast  be  carried  by  the  mid- 
span  section,     This  riid-span  section  carrjrlng  a  mornent  of  '.'IL  at  the  tirie  ^rlelding 

24 

occurs  at  the  end  supports,   can  carry  a  total  noment  up  to  \'ih,   at  idiich  point  the 

IS 

mid-span  and  end  moments  are   equal«     It  is  evident  therefore  that  the  "collapse" 

load  for  ths  fixed-end  beav.  i>jill  be  at  least  half  again  that  of  the  siinple-span 

beam»     Research  Council  investigations  in  England,   and  cm"rently  undenmi."  in  the 

Welding  Research  prograjii  mentioned  earlier,  have  demonstrated  that  the  reserve 

strength  of  continuous  fi'.araed  structures  in  steel  is   equal  to  that  shovm  by  this 

simple   example, 

B3.3ed  on  these  considerations  and  backed  by  a  great   deal  of  laboratory  investigation 
the  20  per  cent  increase  pemiitted  in  fle>airal  working  stress  for  continuous  beams 
at  points   of  interior   support  and  in  bending   stress  induced  in  colurans  \>Y  gravity 
loading  of  such  beams,  will  be  recogniaed  as  only  a  mcdest  step  in  the  direction 
of  balancing  the  real   capa.cities  between  continuous  and  simple-span   design. 

Let  me   emphasiae  here  that  these  provlsions   do  not   contemplate  that   a  plastic 
yielding  of  parts  of  a  framework  will  talce  placie,     The  specification  is  based  on 
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conventional  inethods  of  designing  structures  by  the  Elastic  Theoryo     This  in  tum 
is  based  on  the  behavior  of  steel  when  stressed  well  below  the  yield  point   stress. 
The  Stresses  for  füll  working  load  are  kept  within  certain  prescribed  limits  known 
as  allowable  unit    stressese     However,  the  ratio  of  these  to  the  minimum  jd-eld 
stress  of  ASTM,  A-7  steel,    (33  over  20,   or  1.65  for  the  basic  working  stress)   gives 
no  indicaticn  of  the  real  margin  of  strength  that   exists  in  continuous  beams.      It 
can  be  said,  therefore,  that  the  Specification  recognizes  that  this  reserve  exists, 
and  that   should  severe  overloading  occur  there  to.11  be  a  redistribution  of  stress 
at  overloads  that  are  still  well  below  those  that  would  cause  failure. 

Mention  was  made  of  the  fact  that  this  quite  conservative  revision  in  the 
Specification  points  the  uay  to  an  entirely  new  concept  of  structural  design  that 
is  of  great   significance  to   structural  engineers.     I  should  like  to  expand  on  this 
a  bit  by  telling  you  more  of  the  work  that  is  currently  underway  at  Lehigh  University,, 

The  behavior  of  steel  stressed  in  bending  within  the  elastic  ränge  has  been 
known  and  understood  almost  from  the  time  when  steel  was  first  used  as  a  structiiral 
material,     However,   its  behavior  in  the  plastic  ränge,   that  is  when  it  is  strained 
beyond  the  point  where  it  x-lll  retum  to  its  original  shape  if  the  load  is  released, 
is  a  subject  of  coraparatively  recent   study. 

A  simple  Theory  of  Plasticity  was  propounded  some  txirenty-five  years  ago  and 
firmly  established  as  a  result   of  actual  tests  on  beams,     Its  extension  to  explain 
the  behavior  of  rigid-frame  structures  remained  largely  speculative  until  about 
fifteen  years  ago  when  Prof.   J,   F.    Baker  of  Cambridge  Universxty,  England,   began 
investigations  on  the  behavior  of  portal-frames  and  columns  subject  to  both  bend- 
ing and  axial   stress« 

By  19h^,    Baker  had  accuraulated  sufficient  Information  to  be  able  to  predict 
the  behavior  to  ultimate  collapse  of  rigid  frame  structure  of  the  portal  tj^pe. 
More  important  still,  he  saw  in  the  Plastic  Theory  the  possibility  of  evolving 
an  entirely  new  and  rauch  more  rational  method  of  designing  continuous  beams  and 
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rigid  frameso     ¥ith  the  collaboration  of  the  British  Ccnstructional  Steelwork 
Association j   a  method  of  design  even  more  simple  than  that  originally  anticipated 
has  been  evolved» 

In  contrast  ■with  the  theöry  of  Elastic  Design^   in  which  roaxirnam  flange  stresses 
are  kept  x-Jithin  certain  prescribed  limits^   the  theory  of  "Collapse  Design"     as 
accepted  and  used  by  the  British  is  based  on  the  principle  that  the  load  factor" 
(ioe»   safety  factor  determined  by  dividing  ultiinate  collapse  load  by  working  load) 
shall  be  constant  for  all  structureso 

At  present  the  British  method  is  restricted  in  its  application  to  rolled  beam 
sections,      Built-up  sections  are  excluded  until  such  time  as  theoretical  develop- 
ment  and  research  in  the  laboratory  establish  limits  i-rithin  which  the  behavior 
of  sections  of  these  types  conforms  with  the  theories  of  plastic  action» 

At  the  same  time  that  these  developments  were  taking  place  abroad^  the  pos- 
sibilities  of  reserve  strength  inherent  in  steel  structures  also   excited  the  interest 
of  many  in  this  country»     In  '±9h6  the  Structirral  Steel  Coramittee  of  Welding  Research 
Council  suggested  that  work  under  its  sponsorship  at  Lehigh  University  should  be 
directed  toward  the  study  of  fully  continuous  welded  frame  construction  with  tvio 
objectives  in  mindt  "■ 

lo     To  obtain  a  check  on  the  validity  cf  the  assumptions  that 
are  usually  made  in  continuous  welded  frame  analysis  under 
"elastic"   design  theory, 

2o      Tq   study  completely  the   "elastic"   and  "plastic"  behavior 
of  ccntinuous  frames  and  their  components  in  order  that  the 
possibility  of  utilizing  reserve  plastic  strength  in  the 
design  of  structures  raight  be  properly  evaluated» 
Since  that  date  the  so-called  Lehigh  Project  has  been  pushed  ahead  rapidLy 
under  the  co-sponsorship  of  the  Navy's  Bureau  of  Ships,   Bureau  of  Yards  and  Docks, 
and  Office  of  Naval  Research;   the  American  Iron  and  Steel  Institute;  and  the 
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American  Institute  of  Steel  Construction, 

One  of  the  unique  features  of  the  investigation  is  that  it  emphasizes  the 
testing  of  full-size  rolled  structural  steel  members,  and  fabricated  component 
parts.  Standard  fabrication  methods  are  used,  and  the  members  are  tested  in 
the  "as-delivered, "  "as-welded"  condition,  so  that  residual  stresses  are  present 
just  as  they  would  be  in  actual  practice. 

Out  of  the  great  volume  of  laboratory  work  that  has  been  completed  has  come 
experimental  corroboration  of  much  of  the  action  predicted  by  theories  of  plastic 
action.  At  the  same  time,  various  limitations  that  effect  the  plastic  behavior 
are  being  defined. 

Meanwhile,  methods  of  mathematical  analysis  have  been  developed  that  permit 
the  calculation  of  critical  loads  and  deflections  for  a  wide  ränge  of  structures. 

If  I  may  be  permitted  to  do  a  little  speculating,  I  should  like  to  state  that 
within  a  relatively  short  time  the  theory  of  plasticity  will  be  generally  recognized 
in  this  country  as  one  that  for  many  types  of  structures  has  a  nuraber  of  advantages 
in  its  favor.  The  most  important  of  these  advantages,  and  ones  that  are  of  im- 
raediate  interest  to  structural  engineers,  are  the  followingr 

1»  It  can  save  steelo 

2»  It  affords  an  extremely  simple  design  technique  for 
otherwise  complicated  continuous  frames, 
3.  It  is  predicated  on  the  ideal  of  achieving  a  uniform 
strength  throughout  a  structure» 
To  assist  you  in  visualizing  a  few  of  the  developments  about  which  I  have 
spoken,  let's  examine  several  photographs,  diagrams,  and  Sketches,  that  picture 
some  of  the  structiires  and  research  work  mentioned, 

Figure  Is  The  Mississippi  River  Bridge  at  Baton  Eouge,  makes  use  of  compression 
members  with  perforated  cover  plates. 
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Figure  2i     The  Muscatine  Iowa  high  school  g3rmnasium  is  typical  of  the  interior 
appearance  achieved  by  use  of  a  " rigid- frame"    roof  System»     The  "knees"  are  that 
part  of  the  main  frames  Just  above  the  sign  •' Fairf ield, " 

Figur e  3=     This  is  one  of  the  Wilson-type  fatigue  testing  machines  used  in  the  ^ 
research  werk  on  riveted  and  bolted  joints,     It  has  a  capacity  of  +   250jOOO  pounds, 
The  machine  is  normally  run  at  180  cycles  per  minute,     A  micro-switch  automatically 
shuts  dofei  the  machine  vjhen  a  specimen  failure  occurs,   either  by  cracking  or  by 
slippage  of  the  connected  material« 

In  the  foreground^   a  double-lap  9-bolt  specimen  raay  be  seen  m.ounted  in  the 
machine o 

Figure  ks     Here  is  a  schematic  diagram  of  one  slde  of  the  machine«     As  the   drive 
mechanism  tums  the  eccentric  cam„   at  the  right,   the  loading  lever  is  pushed  up 
and  do"Hn  to  stress  the  specimen  bolted  between  the  pulling  heads  at  the  left»      Bjr 
adjusting  the  cam  and  connecting  rod^   various  cycles  and  ranges  of  loads^    from 
pulsating  corapression  or  tension^   to  füll  reversal  (corapression  to  tension)  can 
be  applied  to   a  specimen» 

With  normal  laboratory  procedure^  including  two   days  for  set-up  and  adjust- 
ment^  a  fatigue  run  of  3<,000j000  cycles  will  require  2k  hour  Operation  of  the 
machine  for  a  period  of  approximately  two  weeks« 

Figure  St  The  Prudential  Insurance  Company' s  office  building,  at  Los  Angelesj 
ineorporates  many  "light-weight"  features  in  its  constructicno     The  spectacular 
savings  achieved  have  been  described  in  many  articleso     One  even  made  the  Reader' s 
Digest. 

Figure  6t       860  Lakeshore  Drive^   one  of  Caiicago"  s  newest  apartment  buildingSj 
Combines  an  exterior  of  steel  and  glass,   floors  built  of  sheet  steel  and  concrete^ 
and  a  frame  of  steel^  all  fire-protected  with  light-weight  raaterials» 
Figure  7g  This  typical  section  of  exterior  wall^   spandrel  beam^  and  cellular  steel 
floor  construction^    illustrates  the  design  used  in  Lever     House,   New  York»     Note 
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that  the  structure  has  two   complete  ceiling  Systems,  the  upper  one  for  fire-protection 

the  lower  one  for  finish  below  extensive  Systems  of  air-conditioning  ducts,  recessed 

lighting,   and  raechanical  Services. 

Hgure  8;    J^ced  with  glass  and  stainless   steel,   floored  with  steel,   and  framed  xdth 

structural     steel,   Lever  House's  21  story  tower  Stands  out  ir.   sharp  contrast  to  the 

conventional  masonry  wall  construction  of  nearby  structures, 

rigare  £:     This  illustrates  the  two   simple  beams  sketch   B,   and  the  continuous  beani 

over  three  supports  sketch  A,  mentioned  as  featured  by  Ripley»     Note  that  the  maximTini 

bending  moment  is  wL     in  both  cases,     but  that  the  shaded  areas  representing  the 

T~ 

magnitude  of  bending  moment  along  the  beams  is  quite  different«     The  continuous 

beam  in  sketch  A   will  carry  more  loado 

Fig\ire  10;     This   curve  of  bending  moment,  M,   plotted  against  curvature  0,    constitutes 

the  basis  of  the  "Simple  Plastic  Theory»"     At  point   (l)  the  elastic  limit  has  been 

reached  (The  stress   distribution  is  as   shoim  on  the  diagram  to  the  right  of  the 

cross-section  of  the  beam)«     At  point    (2)  the  member  is  partially  plastic.      Point 

(3)   is  approached     as  a  limit,   termed  the  "plastic  hinge  moment," 

Figure  11;     A  series  of  "knees"   for  rigid  fraraes  was  tested  by  loading  in  the 

manner  shown  in  the  insert  sketch,     The  Sketches  to  the  right   show  the  various 

types  investigatedo     Without   exception,   the  "knees"  all  eventually  collapsed  by 

local  and  lateral  instability,     The  lower  group  of  curves  represent  Performance 

of  the  straight  "knees^"    the  middle  curves  the     tapered  "knees,"     and  the  upper 

curves  the  "knees"  TrJith  curved  inner  f langes. 

Figure  12;     The  upper  picture  shows  the  laboratory  set-up,     Under  test  is  a  single- 

span  portal  frame  vertically  loaded  at  the  three-eights  point s.     The  shape  used  in 

building  this  frame  is  an  8  B  13<.     The  lower  picture  illustrates  a  portal  frame 

fabricated  from  8  wF  kO  shapes»     Note  that  at  this   stage  of  testing  it  has  a 

Center  deflection  of  1_  its  span,     Yet  the  frame  is  still  carrjöng  increased  loads. 

10 
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The  "plastic  hinges**  are  still  in  process  of  forraingo 

NoWj,  msy  time  is  running  out,     I  have  attempted  to  Cover  some  of  the  more 
important  developraents  that  have  been  brought  aTx)'at  in  one  part  of  the  stracturs.l 
engineering  field^   that  of  steel  constructiono  All  through  the  story,,  reference 
has  been  raade  tiine  and  again  to  the  very  important  place  that  research  holds  in 
these  developmentse 

The  steel  fabricating  industry  is  not   entirely  satisfied,  and  it  is  not  wont 
to  rest  on  its  present  accomplishmentso     The  requirements  and  demands  of  a  gromng 
cotmtry,   the  harsh  realities  of  having  to  consider  the  threat  of  an  atoraic  attack 
in   designing  toraorrow's  structures^   and  th®  practica!  iraplications  of  new  develop- 
ments  and  techniques  in  the  materials  of  competing  industries^,   all  pose  problems 
that  make  eontinued  Improveraent     through  research  and  engineering  imperative  and 
necessary» 

Without  question,   structural  engineering  in  steel  is  looking  ahead  to  tomorrow 
through  researcho 
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THE  I-IECHANICAL  SNGINEER  IN  RESa^RCH 
By  K.   R,   Daniel 

Mr,  Chairman,  Gentleraen:  I  am  deeply  flattered  at  having-  been  asked  to  talk 
to  you  today  on  The  Hechanical  Engineer  In  Research,  And  to  have  a  part  in  help- 
ing  celebrate  your  diamond  jubilee  of  continuing  progress, 

When  one  surveys  the  field  of  Mechanical  Engineering  with  its   some  tv.'enty 
distinct  professional   divisions,   he  becomes   somewhat   confused,      As  I   attempted 
to   prepare  this  paper  I  was  reminded  of  the  tale  about  the  farmer  who  in  riding 
over  his  acreage  one  moming  met  one  of  his  colored  acquaintances  trudging  do'wn 
the  read  with  a  long  rope  over  his   Shoulder,  trailing  along  behind  himo     This 
appeared  to  the  farmer  to  be  a  bit  unusual,    so  he  called  out^   "John,   what  are 
you   doing  dragging  that  rope?" 

"Lawd,    Boss,   I'se   so   confused  I   don't  know  whether  I  done  found  a  rope  or  lost 
a  niule." 

Frankly,   the  subject  I  have  chosen  is   enormous,   and  time  will  not  permit  a 
detailed  discussion  of  any  phase.      However,    it  is  hoped  to  point  out  some  of  the 
things  which  have  been  accomplished  by  the  Mechanical  Engineer  and  some  of  the 
Problems   still  confronting  him. 

The  World  today  looks  to  the  Mechanical  Engineer  for  its   supply  of  power» 
Of  equal  importance  is  its  reliance  upon  him  to   design,    build,   and  operate  machinery 
and  appliances  to  convert  raw  materials  of  nature  into  useful  productss      In  the 
three-quarters  of  a  Century  since  Mechanical  Engineering  has  been  recognized  as 
a  profession,    progress  in  its  many  fields  has  been  greater  than  in  all  the  ages 
precedingj   on  land  and  sea_,in  every  household  and  public  building,   and  in  the 
development  of  the  industrial  plants,   the  Mechanical  Engineer  has  revolutionized 
our  ways  of   doing  things  and  raised  the   Standards  of  living«     Whether  the  power 
is  obtained  from  buming  of  coal  under  a  boiler,    from  the   falling  of  masses  of 
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water^   or  from  the  combustion  of  gasoline  or  oil  in  an  internal  combustion  engine 
or  the  Splitting  of  the  atom,   the  Mechanical  Engineer  is   charged  wlth  the  duty  of 
Converting  these  sources  of  energy  into  forms  of  motion  available  for  doing  useful 
worko     His  occupation  is  to   design  and  construct  the  necessary  inachines  and  devices^ 
to  supervise  their  Operation«,   and  constantly  to  ipiprove  them  so  as  to  get  the  maxiimim 
advantage  vLth  the  least  expenditure  of  time^   money^   and  human  effort» 

The  machines  and  devices  that   engage  the  attention  of  the  Mechanical  Bigineer 
today  are  of  recent  developmentj   but  the  principles  on  which  they  operate  have  been 
knowi  for  centuries,   some  of  them  from  remote  antiquityo     Long  before  the  Christian 
era  the  energy  of  r-unning  water  was  applied  to  grind  com^   thus  releasing  the 
slaves  of  that    day  for  other  worko     About  200  B„Co  Hero  of  Alexander  described  a 
method  for  opening  the  temple  doors  by  the  action  of  fire  on   an  altar^   an  ingenious 
device  which  contalned  all  the  elements  of  the  ^'Atmospheric  Engine"  which  was 
perfected  in  1712,     It  was  tb_is  later  machine  which  James  Watt  in  mh  developed 
into  a  steam  engine,  with  its  essential  details  of  the  modern  reciprocating  enginSi, 
Hero  also   described  a  device  in  which  steam  issued  from  a  reaction  wheel^   but  it 
was  over  l8  centuries  before  Sir  Charles  Parsons  in  l88I(  built  the  first   successful 
reaction  steam  turbineo  •  . 

George  Ho   Corliss  exhibited  his  first  steam  engine  at  the  Centennial  Exposition 
at  Philadelphia  in  I8760     This  engine  was  of  1000  HP^   the  largest  built  until  that 
tirae^      Only  a  few  years  later  came  the  next  big  step  in  l882»     Dr„    Gustof  de  Laval^ 
a     Swedish  engineer-j   brought  out  the  impulse  steam  turbijie  first  proposed  by  Eranca 
in  16280     These  machines  inaugurated  the  era  of  enormous  araounts  of  power  developed 
into  one  nachine,   and  also  the   day  of  exceedingly  efficient  transformation  of 
energy  from  coal  to   electricityc  :       • 

Like  the  steam  engine^  the  present-day  gas  and  oil  engines  are  the  results 
of  manj  workers  operating  through  a  relatively  long  period  of  tiraeo     The  first 
internal  combustion  engine  worthy  of  the  name  was  built  about  l675  a-nd  used  gun 
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powder  as  fuel»     The   developments  by  Street  in  179h  and  Lenoir  in  I86O  bring  us 
to  the  celebrated  Otto   engine,   perfected  at  about  the  same  time  as  the  Corliss 
engine,     The   development  of  the  internal  combustion  engine  for  automobiles  and 
airplanes  has  been  of   great   economic   significance.      The   development  of  the   diesel 
engine  for  marine  propul sion  played  an  important  part  as   far  back  as  World  War  I 
and  set  the  pace  for  the   development  of  all  forms  of  solid  fuel  injection  engines» 
The  invention  and  development  of  machine  tools  is  one  of  the   great  contribut- 
ions  of  the  Mechanical  Engineer,      Precision  work_,   as  well  as  work  on  large  pieces, 
was  impossible  until  the  engine  lathe  was   devised.     The  metal  planer,  the  shaper, 
raachines  for  cutting  gear  teeth,   and  then  the  turret  lathe  appeared,   on  which 
several   Operations   can  be  performed  without  rechucking  the  part  being  machined„ 
The  automatic   screw  machine,   the  milling  machine,   grinding  apparatus   for  precise 
finishing,  and  high  grade  steel  tools  of  a  wide  variety  have  been  contributed  by 
the  Mechanical  Engineero 

Mechanical  refrigeration  is  not  a  new  art;   the  practice  of  cooling  bodies 
below  the  teraperature  of  the  surrounding  atmosphere  has  been  followed  for  ages, 
utilizing  some  method  of  evaporattng  a  liquid  in  order  to   extract  heat   from  the 
liquid  itselfo     This  found  a  practical  application  in  1755  in  the  constru.ction 
of  a  vacuum  machine  freezing  water  by  evaporation»     The  vapor  compression  machine 
of  183^1  was  the  next   step»     This  was  followed  by  the  ammonia-compression  machine, 
built  by  Linde  in  1873.      Six  years  earlier  the  first  absorption  machine  was  in 
successful  Operation,,     Refrigeration  raachines  are  used  today  in  hundreds  of 
important  Industries» 

The  field  of  heating  and  Ventilation  has  grown  into  a  great  mechanical 
engineering  industry«      Formerly  people  were  satisfied  with  the  crudest  forms  of 
heating  applianceso 

Prora  the   early  open  grate  fire,  heating  has  been  developed  into  a  science 
which  calls  for  a  close   study  of  the  actions  of  heat  on  the  functioning  of  the 
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human  body,  so  that  today  air  conditioning  in  connection  iiäth  heating  and  Ventilat- 
ion has  passed  through  the  public  building  stage  Into  the  home, 

The  Mechanical  Engineer  has  contributed  in  many  ways  to  the  art  of  transportationo 
One,  the  modern  steara  locomotive,  the  dlesel  locoraotive  which  has  practically  re- 
placed  it,  the  steam  turbine  locomotive  and  the  gas  turbine  locomotive,  developing 
h^OO   HP  from  a  Single  unit„ 

The  originating  and  perfecting  of  the  air  brake,  the  design  and  builüng  of 
freight  and  passenger  cars,  are  but  a  few  of  his  many  important  contributions 
in  this  great  field  of  public  Service» 

The  design  and  development  of  material  handling  equipraent  open  up  a  iJhole 
new  mechanical  fieldo  The  cross-country  conveyor  belt  in  the  handling  of  bulk 
materials^  such  as  coal  and  ore,  ever  threatens  the  railroad» 

Research  has  either  been  the  beginning  of ,  or  has  had  a  leading  part  in^ 
the  development  of  every  modern  industry»  New  processes^  new  machines,  new  materials 
and  new  applications  of  these  materials  have  been  developed  through  researcho  Under 
present  condltions  an  industry  can  thrive  and  develop  only  through  discoveries  and 
their  applications « 

What  is  understood  by  the  term  "Research"?  And  how  is  it  ^arried  on?  Populär 
writers  make  it  appear  that  the  results  of  research  are  the  .^orks  of  geniuso  Many 
developraents 5  accord'ng  to  these  authors,  are  the  result  of  a  flash  of  Inspiration 
er  Imagination  on  the  part  of  the  perscn  who  conducts  researcho   Nothing  is  said 
of  the  long  step  by  step  search  for  the  desired  Solution  of  the  problem,  nor  of 
the  many  persons  vfao   may  have  contributed  time,  thought  and  effört  toward  the 
final  result o  The  day  of  Watt  and  his  teakettle  is  overo  The  experimenter  in 
his  attic  can  no  longer  keep  pace  wlth  the  demand  for  scientific  application 
to  industryo 

In  pure  research  the  scientist  searches  out  new  truths  of  nature  and  of  the 
elements  that  occur  on  the  eartho  He  is  generally  not  interested  in  practical 
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powder  as  fuel.     The   developments  by  Street  in  179Ü  and  Lenoir  in  I86O  bring  us 
to  the  celebrated  Otto   angine,   perfected  at  about  the  same  tlme  as  the  Corliss 
angine.     The   development  of  the  internal  combustion  engine  for  automobiles  and 
airplanes  has  been  of   great   economic  significance,      The  development  of  the   diesel 
engine  for  marine  propul sion  played  an  important  part  as   far  back  as  World  War  T 
and  sat  the  pace  for  the   development  of  all  forms  of  solid  fuel  injection  engines. 
The  invention  and  development  of  machine  tools  is  one  of  the  great  contribut- 
ions  of  the  Mechanical  Engineer,      Precision  work,   as  well  as  work  on  large  pieces, 
was  impossible  until  the  engine  lathe  was   devised,     Tha  raetal  planer,   the  shaper, 
itiachines  for  cutting  gear  teeth,   and  then  the  turret  lathe  appeared,   on  which 
several  Operations   can  be  performed  vjithout  rechucking  the  part  being  machinedo 
The  automatic   screw  machine,   the  milling  machine,   grinding  apparatus   for  precise 
finishing,  and  high  grade  steel  tools  of  a  wide  variety  have  been  contributed  by 
the  Mechanical  Engineer» 

Mechanical  refrigeration  is  not  a  new  art;   the  practice  of  cooling  bodies 
below  the  temperature  of  the  surrounding  atmosphere  has  been  followed  for  ages, 
utilizing  some  method  of  evaporating  a  liquid  in  order  to   extract  heat   from  the 
liquid  itselfo     This  foiind  a  practical  application  in  1755  in  the  construction 
of  a  vacuum  machine  freezing  water  by  evaporation«     The  vapor  compression  machine 
of  lS3h  was  the  next  step»      This  was  followed  by  the  ammonia-compression  machina, 
built  by  Linde  in  1873.      Six  years  earlier  the  first  absorption  raachine  was  in 
successful  Operation«     Refrigeration  machines  are  used  today  in  hundreds  of 
important  Industries o 

The  field  of  heating  and  Ventilation  has  grown  into  a  great  mechanical 
enginaering  industry«      Formerly  people  were  satisfied  with  the  crudest   forms  of 
heating  applianceso 

Prora  the   early  open  grate  fire,  heating  has  been  developed  into  a  science 
which  calls   for  a  close   study  of  the  actions  of  heat  on  the  functioning  of  the 


human  body,  so  that  today  air  conditioning  in  connection  m.th.   heating  and  Ventilat- 
ion has  passed  through  the  public  building  stage  into  the  home«   ',  •  - 

The  Mechanical  Engineer  has  ccntributed  in  many  ways  to  the  art  of  transportationo 
One,  the  modern  steam  locomotive,  the  diesel  locomotive  which  has  practically  re- 
placed  it,  the  steam  turbine  locomoti-ve  and  the  gas  turbine  locomotive^  developing 
ii^OO  HP  from  a  Single  unito 

The  originating  and  perfecting  of  the  air  brake,  the  design  and  building  of 
freight  and  passenger  carsj  are  but  a  few  of  his  many  important  contributions 
in  this  great  field  of  public  serviceo 

The  design  and  development  of  material  handling  equipment  open  up  a  uhole 
new  mechanical  fieldo  The  cross-country  conveyor  belt  in  the  handling  of  bulk 
materialsj  such  as  coal  and  ore,  ever  threatens  the  railroad» 

Research  has  either  been  the  "^--eginning  of ,  or  has  had  a  leading  part  in^ 
the  development  of  every  modern  industry»  New  processesj,  new  machines,  new  materials 
and  new  applications  of  these  materials  have  been  developed  through  research»  Under 
present  conditions  an  industry  can  thrive  and  develop  only  through  discoveries  and 
their  applications o 

What  is  understood  by  the  term  "Research"?  And  how  is  it  :;arried  on?  Populär 
writers  make  it  appear  that  the  results  of  research  are  the  .jorks  of  geniuso  Many 
developments,  accord'ng  to  these  authors,  are  the  result  of  a  flash  of  Inspiration 
er  Imagination  on  the  part  of  the  person  who  conducts  researcho  Nothing  is  said 
of  the  long  step  by  step  search  for  the  desired  Solution  of  the  problem,  nor  of 
the  many  person s  who  raav  have  contributed  time,  thought  and  effort  toward  the 
final  resulto  The  day  of  ¥att  and  his  teakettle  is  over»  The  experimenter  in 
his  attic  can  no  longer  keep  pace  with  the  demand  for  scientific  application 
to  industry» 

In  pure  research  the  scientist  searches  out  new  truths  of  nature  and  of  the 
elements  that  occur  on  the  earth»  He  is  generally  not  interested  in  practical 
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applications  of  these  truths«     These  scientists  are  our  great  explorers.     They 
open  up  new  territories  of  knowledge.     One  may  take  as  an  example  of  such  pure 
research  the  discovery  of  lord  Rutherford  and  his  associates  of  the  possibility 
of  Splitting  the  atom» 

Industrial  research  is  concemed  with  the   exploration  of  new  fields  of 
knowledge  or  old  fields,  usually  with  a  definite  object  in  mind  which  will, 
when  successfal,  repay  the   cost  of  the  research  and  bring  forth  new  products 
to  benefit  mankind  and  yield  a  pro fit o     It  is  in  this  applied  or  industrial 
research  that  the  engin eer  has  made  his  great   contribution. 

In  general,   the  engineer  realizes  a  need  and  then  studies  the  results  of 
pure  science  to  find  by  research  a  means  to  satisfy  this  need» 

Research  has  grown  some  fifty-fold  in  the  United  States  in  the  last  30 
years,   and  continues  to  groWc     Tocky  the  United  States  is  spending  more  than 
five  times  as  much  as  it   did  ten  years  ago,    and  consequently  its  research 
Position  is  the  strengest  in  the  world» 

According  to  Dr»   Clyde  Williams,   Director,    Battelle  Memorial  Institute, 
Columbus,   Ohio,   in  19iiO  the  U.   So   spent  3^5  million  dollars  on   science  and 
researcho     Today  we  are  spending  at  the  rate  in  excess  two-billion  a  year« 

The  Mechanical  fiigineer  has  contributed  remarkably  to  the  transportation 
industry,   both  land,   air  and  sea„      His  basic  research  in  extending  the  steam 
tables,   his  constant  study  of  the  behavior  of  metals  at  high  and  low  temperatureso 
His   study  of  Vibration  as  applied  to   all   types  oi    machines  has   resulted  in  steam 
generating  units  which  have  advanced  from  1920  plants  which  nroduced  power  from 
steam  at   200#  pressure  and  550°    F»   at  the  rate  of  3#  of  coal  per  KViE  to  those 
being  installed  today  which  operate  at  2[{00//  pressure  and  1100°  temperature^ 
and  produce  a  KWH  for  approximately  o8  lb„   of  12,^00  BTU  coal» 

The  Jet  r^nd  gas  turbine  aircraft  engine,  the  guided  missile     and  =  now  in 
building  -  a     nuclear  plant   for  marine  propulsiono     .        ; 
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In  the  raachine  tool  industry,  raetal  is  being  cut  at  fabulous  rates|   horse= 
powers  have  increased  appro xiraat ely  three-fold  since  the  advent  of  the  cemented 
carbi  de  tools»     And  a  new  concept  in  tool  cooling  which  is  a     recent  invention 
of  Mr„   R„  Jo   So   Pigott^   Director  of  Engineering  Division^   Gulf  Research  and 
Development  Coo-and  past  president  of  the  American  Society  of  Mechanical  Engine- 
ersc,   bids  well  to  surpass  anything  we  have  hoped  for  viith  cutting  speeds  increased 
100$C  and  tool  life  increased  fron  5  to  12  timeso 

The   design  of  huge  closed  die  forging  presses  up  to  ^0,000  tons  to  produce 
large  forgings  and  extruded  shapes  for  the  new  type  aircraft» 

These  are  the  spectacular  results  (?f  the  Mechanical  Engineers'    research« 

Eveiy  industry  which  converts  raw  materials  to  usable  products  is   dependent 
upon  the  machines   designed  by  the  Mechanical  Engineero     In  no  industry  has  a  greater 
revolution  taken  place  as  a  result  of  his  machines  than  the  cast  iron  pressure  pipe 
industry  with  which  I  am  associatedo     Until  approximately  30  years  ago  the  industry 
had  advanced  littlej   the  manufacturing  processes  in  use  were  a  corabination  of  art 
and  raanual  labor^     Today  the  modern  pipe  foundry  is  completely  mechanized^  produc- 
ing  centrifugally  cast  iron  pipe  weighing  as  much  as   6  tons  per  l6'    length  with 
practically  no  manual  labor»     The  centrifugal  process  for  manufacturing  cast  iron 
pipe  has  been   extended  to  produce  heavy  wall  steel  tubijig  in  both  carbon  and  stain- 
less  steels  and  bimetallic  tubingo     This  tubing  has  opened  a  whole  new  field  of 
research  in  its  application  to   steam  plant  work^   wind  tunnel  and  shipshafting, 
hydraulic  machines^,    electric  raotors  requiring  unusual  magnetic  propertie^  guided 
missiles     and  hundreds  of  other  uses  which  formerly  required  bored  forgings» 

Today  the  Mechanical  Engineer  is   engaged  in  the  expansion  of  research  already 
in  progress  on  the  basic  properties  of  materials  at  high  and  low  temperature, 
The  work  at  high  temperatures  is  of  the  greatest  importance  in  increasing  the 
efficiency  of  heat  engines  of  all  kinds|  the  work  at  low  temperatures  has   direct 
applications  in  the  design  of  refrigerating  machineryo 
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General   development  and  application  of  elastic  theory  to  raechanical  engineer- 
ing  design  and  Vibration  probleras  ifhich  arise  in  modern  mechanical  engineering« 

Detail  study  and  application  of  fundamental  knowledge  of  fluid  mechanics  to 
raechanical  engineering  problemsj   steam  turbines,   and  boilers  and  hydraulic  machinery 
of  all  kinds  are  particular  examples. 

A  fuller  understanding  of  the  behavior  of  lubricants,  not  only  in  joum.al 
bearings,   but  in  oscillating  motions  and  in  gears|   and,  in  Cooperation  with 
Chemical  research^   the  development  of  improved  lubricantse 

The  basic  science  of  Kinematics  and  mechanisms  which  is  fundamental  to  the 
design  of  raachine  tools  and  production  machinery  of  all  kinds»  The  development 
of  more  accurate  measuring  Instruments» 

The  development  of  the  basic  mechanics  of  forging,   shearing  and  cutting  of  ' 
metalso  "  - 

The   study  of  probleras  in  heat  transfer  which  are  common  to  almost  every 
branch  of  mechanical  engineeringo     ßiowledge  of  thermodynamic  properties  of  working 
fluids  in  heat   engines  and  refrigerating  machinerj'^  over  a  much  id. der  ränge  of 
temperature  and  pressure  than  is  at  present  available  is  essential  for  further 
progresso 

And  now  a  word  about  the  future  of  Mechanical  Engineering  Research  in  our 
own  South  and  the  opportunities  for  those  who   desire  to  pursue  it« 

We  are,   as  has  been  stated  many  times,  living  in  an  area  which  is  being 
industrialized  at  a  rate  exceeding  any  other  area  of  the  country»     In  an  area 
comprising  a  little  less  than  l/3  of  the  total  area  of  the  country»     We  now  have 
a  little  more  than  l/3  of  the  population.     From  the  "Blue  Book  of  Southern  Progress" 
published  in  Baltimore,   Maryland,  ^-le  find  some  rather  interesting  trendso      In 
1939  the  sale  of  all  manufactured  goods  in  the  üo   So  araounted  to   some  57  billion 
dollars.     In  the  same  year  the  sale  of  manufactured  goods  in  the  South  amounted 
to  11  billion  dollars,   or  a  little  less  than  20^5  in  19^1,   based  on  the  same  1939 
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Address   delivered  by  '    ~ 
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Swiriuning  against  the  tide  is  always  a  difficult  Operation  but  frequently  it 
is  the  only  way  to   get  to  the  other  shore»     And  the  other  shore  in  aviation  that 
we  must  reach  and  to  which  we  can  devote   sorae  time  today  is  to  study  whether  we 
can  build  up  a  commercial  air  industry  out  of  our  vast  military  development, 

Obviously,  under  our  present  air  Operation,   this  is  both  an  unpopulär  and 
sparsley  populated  field  to   snrveye     We  have  become  so   spoiled  and  accustomed  to 
the  psychology  and  the  modus-operandi  of  the   Federal  Handout  that  it  takes  a  good 
deal  of  detachment  to   look  at  it  with  a  cold  and  flEhj?-  eye,  to  see  if  it  is  really 
good  for  US, 

The  Hand-outers  in  the  government,.  quite  naturally  are  inclined  to  feel  that 
their   expenditures  cf  billions  of  dollars  constitute  the  main  vjherewith--al  on 
which  civil  aviation  is  to  be  alloved  to  live» 

But  it  so  happens  that   sorae  of  rS     who  have  been  in  this  business  a  long 
time  and  have  seen  it  grox-J^  from  nothing  at  all     are  not  completely  sold  on  this 
philosophyo     Vfe  have   seen  it  in  action,   particularly  in  the  past  few  years  -  and 
we  have  seen  it  woefully  wanting«     All  we  have  to   do  is  to   look  at   some  statistics- 
Twenty-nine  million  automobiles  •=  private  vehiclesof  transport  -  are  woven  intimately 
into  the  life  of  this  country  to   such  a  degree  that  crowded  streets  and  roads  are 
making  the  automobile  increasingly  irapractical»      But  still  automobile  production 
is  on  an  ascending  curve«     Daring  this  period  of  the  last   decade,   hundreds  of 
thousands  of  people  have  leamed  to   flv  but  we   see  exactly  the  opposite  taking  place 
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in  the  develop;iient  of  a  vehicle  to  utilize  the  vast  free  roads  of  the  air  instead 
of  the  costly  and  inadäquate  surface  facilities»     Private  flying,  or  individaal 
flying,   or  whatever  you  wish  to   call  use  of  airplane  as  the  personal  vehicle  of 
a  Citizens'    life,    has   decreased  consistently  since  the   end  of  the  waro 

In   the  last   four  years  -  the  last  two   in  particular  -  the  Military  have 
undertaken     an  enormous  activity  in  research,   and  the  expenditure  of  huge  sums 
for  construction  of  aircraft,  as  well  as  the  use  of  huge  tonnages  of  rare  and 
difficult-to-get  raw  materials«     But  one  searches  in  vain  for  any  serious  contribution 
to  the  development  of  the  individual's  vehicle  of  the  air,   that  he  could  really  use« 

The  blarae   is  not  all   on  the  Pentagon  =  let  us   all   get  that   straight  right 
noWo     The  blarae  is  on  the  starry-eyed  Individuais  who  by  sorae  facile  stretch  of 
the  Imagination  have  gotten  themselves  into  believlng  that  war  development  of  air- 
craft is  a  power ful  Stimulus  to  the   development  of  coTimercial  air  Operations«     It 
is  the  privilege  of  some  of  us  to   disagree  on  this  and  if  we  can  prova  that  we 
are  right,  it  is  certainly  our  duty  to  call  attention  theretoo     Let  us  give  it 
at  least  a  preliminary  look-overa 

As  far  as  the  public  is  concemedj   let  us  start  id-th  what  bothers  them  mos!  - 
NOISE  -  and  this  should  be  >jr-itten  in  large   capitals«     Here  is  a  field  the  correct 
Solution  of  which  is  vital  to  tha  proper  progress  of  civilian  use  of  aircraft  in 
great  quantity»     Wiat   has  the  Military  contributed  to  this  in  the  last  twenty 
years?     One  seeks  in  vain  for  a  requireraent  in  the  Requireraents  Division  of  our 
great  Air  Force  ■=  for  exaraple  -  for  a  serious  research  or   development  program 
that  would  reduce  the  outrageous  noise  of  modern  aircraft«     Perhaps  recently  this 
may  have  been  alteredo     If  so.,   it  is  no   doubt  marked  "secrefo     If  there  are  some 
secret  projects  on  noise  elimination  on  which  some  of  the  funds  of  the  Air  Force 
are  now  being  spent,   it  is  very  poor  public  relations  for  the  Air  Force  to  keep 
it  a  secret o     The   detection  of  aircraft  of  an  enemy  is  by  radar  and  not  by  World 
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War  I  listening  postso     But  the   deafening  noise  of  four-engine  Globe  l^lasters  tak- 
ing  off  on  practice  flights  continues  from  five  in  the  moming  tili  late  at  night 
over  some  civilian  cities.     This  will  not   sufficiently  receive  the  attention  of 
the  Military  until  that   day  will  come  when  the  public  will  just  go  into  piain 
revolt  and  stop  the  nuisanceo     Load  carrying  planes  like  the  Globe  Master,  when 
on  practice  and  training  flights,   could  readily  carr-^  the  extra  weight  of  muffling 
equipment  and  thus  become  a  better  neighbor  to  the  long   suffering  people  who  happened 
to  have  been  foolish  enough  to  think  that  a  nearby  great  Air  Force  airport  instal- 
lation  would  help  their  business,      If  this  noise  question  were  taken   seriously 
froiti  a  purely  commercial  angle,   the  companies  building  aircraft  would  soon  be  in 
competition  with  each  other  for  the  quietest  airplane  as  being  the  one  that  individuals 
and  airlines  would  purchase  in  order  to  prevent  their  usage  being  hampered  by  local 
noise  abatement  ordinances,  which  are  alrnost   certain  to   ccme  up  in  the  next  few 
years. 

Next  we  have  the  problem  of  airports  themselveso     V.'e  accept  with  a  blind 
and  foolish  faith  the  dictiim  that  next  year's  airplane  being  a  faster  airplane 
raust  of  necessity  have  another  thousand  loot  length  added  on  to  the  runways  it 
will  use»     Military  deslgners       almost  invariably  dLsmiss  landing  area  restrictions 
as   something  for  someone  eise  to  worry  about«     The  Air  Force  has  a  few  half- 
hearted  projects  that  have  to  do  with  the  so-called  "Assault-type"  of  aircraft 
that  is   supposed  to   land  in   small  fields  near   front   lines  -  but  the  bulk  of  the 
programs  for   development  of  engine  installations  oi    x-ings,    of  landing  gears  and 
various  aircraft  configurations  all   done  at  a  cost   of  hundreds  of  uiillions  of 
dollars  a  year,      proceed  xjith  little  regard  towards   shorter  runway  progresso 

In  the  Military  mind  -  and  in  nany  ways  quite  naturally  -  the  thotight  of   slow 
.  speed  is  abhorento     To  the  Military,'-  it  iinconsciously  casts  a  reflection  on  the  skill 
of  the  pilots  who  are  not  concemed  by  increasingly  dizzy  landing  speeds,   and  also 


-13ii- 

because  the  Military  of  course  must  give  their  attention  to   air  combat  at  high 
speeds  as  their  prime  business, 

The  result  is  an  unrrästakable  fact  that  attainment  of  Tery  sIox-vt  landing  speeds 
instead  of  becoming  a  "must"  to  be  attacked  with  the  greatest    eiergy,   over  every 
possible  avenue  that  offers  shorter  landing  and  quicker  takeoff  -  particiilarly  on 
jet  airplanes  -  the  entire  matter  is  pretty  much  ignored  and  receives  a  most 
unsytnphathic   ear  \ihen  attention  is  called  to  it  at  the  Pentagon« 

There  are  many  technlcal  avenues  in  the  existing  art  and  science  of  aviation 
that  would  lead  quite  surely  to  a  tremendous  reduction  in  the  landing  speed  of 
fast  aircraft  and  equally  great  redu.ction  in  the  distance  required  for  takeoff» 
Some  of  US  who  have   studied  this  problem  refer  to  it  as  the  phase  of  quite  nearly 
"vertical~flying"o     The  helicopter,   of  course,   can  do  thiso     Put  the  helicopter^ 
as  such^   is  limited  bv  its  inability  to  achieve  high  speed  in  the  air  due  to  the 
edgewise  progress  of  the  rotors  and  the  unequal  condlticn  of  the  advaneing  and 
retreating  rotor  blades»     Helicopter  engineers  have  for  ysars  conceived  of  a  combination 
of  a  rotating  and  fixed  wing  aircraft  called  a  "convertiplane"  which  would  rise 
on  its  rotors  in  the  vertical  phase  of  flsnLng  and  then  fly  on  its  fixed  i»r.ngs  at 
■high  speeds  in  the  horizontal  phase»     This  is  one  Solution  -  but  hj  no  means  the 
only  one  -  there  are  otherso     liJhat  is  of  great  impcrtance  to  realize  right  novf 
is  that  these  Solutions  sei dorn  originate  with  the  Military.  Only  recently  an  in- 
ventor,  with  very  limited  facilities,  has  brought  out  -  for  example  -  an  interest- 
ing  Step  in  this  general  direction  called  a  "channel^irring"  in  vjhich  the  tip  of  the 
Propeller  sucks  air  over  the  wing  while  standing  still  and  generates  a  considerable 
lift   on  the  aircraft o     An  even  more  promising  raethod  of  vertical   flight  can  be 
envisioned  ivhen  ve  conteraplate  jet  angines  and  the  thousands  of  pounds  of  air  a 
minute  that  they  set  in  raotiono     The  present  configuration  which  seems  to  be  the 
limit  of  the  Military  imaginaticn  is  the  simple  air  jet  thrust  out  of  the  tail  plpeo 
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But  there  are  many  jet   dispositions  and  configurations  possible  mth  suitable 
ducts  that  would  enable  the  achievement  of  a     design  in  which  the  energy  of  the 
jet  engine  draws  air  over  the  wing  and  exhausts  it  at  the  trailing  edge  in  a  large 
sheet  rauch  slower  than  the  cylindrical   discharge  of  the  ordinary  jet  tail  pipe« 
Thus  there  would  be  achieved  an  induced  lift  of  great  magnitude  in  the  desired 
vertical  "flying  directiono     Then  by  gradually  transferring  this  lifting  duct  flow 
to  a  tail  pipe  thrust  flow^the  induced  lifting  air  flow  is  changed  into  pure 
thrust   and  the  airplane  becomes  a  fast  jet  driven  craft»      Incidentally  in  this 
concept  it  is  of  interest  to  note  that  the  noise  of  a  jet  airplane  is  dae 
principally  to  the  high  velocity  of  the  jet  exhaust  through  a  small   constricted 
tail  pipe.     If  the   same  volume  of  air  movement  were-  exhausted  over  the  i^rhole 
surface  of  the  wing  at  a  very  much  smaller  velocity  the  noise  would  be  tremendously 
reduced  and  this  would  be  a  type  of  flow  near  the  ground  on  take  off  and  landing 
that   would  be  rauch  less  objectionable  to  the  neighbors.     Also  in  this  area  of 
developr.ient  of  higher  lift  there  is  great  promise  for  the  boundary  layer  conceptions 
that  Ito   Raspet  and  his  staff  at  Mississippi  State  College  have  alreacfy  worked 
out„      Still  another  method  of   achieving  vertical  flying  regime  with  a  fast  air- 
craft  is  to  so  overpower  it  with  rockets  or  turbo-prop  installations  that  the 
thrust  when  the  aircraft   Stands  on  its  tail  iri.ll  raise   it  vertically,   after  which 
the  craft  would  tum  ninety  degrees  and  then  fly  fast  horizontally,      On  landing, 
this  type  of  aircraft  assumes  the  vertical  position  and  lets  itself   doxsi  on  its 
power»      It  is  to  the   credit  of  the  Military  of  several  nations  to  point  out  that 
this   concept  is  receiving  some  experimental  attention»      It  is  an  old  concept  but 
a  very  awkward  one«  ■    ■       "■ 

Then  of  course  there  is   still  another  field,   greatly  explored  by  the  Navy 
in  its  highly  successful  cariäer  Operations,  which  is  to  accellerate  for  a  quick 
take  off  by  a  catapult  and  land  on  a  very  sraall  area  by  a  hook  engaging  landing 
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wiress     It  is  rather  surprising  to  contemplate  that  tlie  Air  Force  does  not  seem 
to  have  given  very  rauch  attention  to  ths  possibility  of  using  this   system  in  front- 
line  small  field  Operations,  nor  has  it   received  any  serious  Civil  Aviation  ap- 
preciation« 

Consideration  of  all  of  these  possibilities  gives  a  particularly  pungent 
importance  to  a  comment  that  was  made  to  your  lecturer  by  the  late  Henry  Ford  Sr, 
at  an  air  show  in  Detroit  in  1926 <>     This  great  mechanical  genius  and  natural -born- 
engineer  had  an  unfailing  insight  and  one  can  never  forget  that  when  he  looked 
over  the  asseinbled  airplanes  he  waved  his  hands  and  said, "These  thlngs  iiron't  amount 
to  anything  until  they  use  their  power  to  land  with"»      How  right  he  was  and  how  far 
afield  has  our  progress  beenl     The  airplane  as  a  vehicle  must  operate  from  a  back- 
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yard, that  is  for  sure«,  -' 

Another  arsa  in  which  the  Military  developnent  of  aircraft  greatly  differs 
from, and  definitely  hampers,   the   developraent  of  civilian  aeronautics,  is  in- the 
raanufacturingj   procurement,   inspection,   and  testing  procedures»     Mo  criticism 
can  be  made  of  the  Militaiy  on  the  fact  that  they  need  pretty  much  the  system  they 
have  in  order  to   get  things  the  way  they  want  them  at  the  frcnt  -b~t  to  translate 
this  method  of  doing  business  as  being  helpful  to  the   development  of  comniercial 
aviation  is  a  vcrj?-  gross  mistake«      Particularly  is  this  true  now  of  the  present 
aircraft  business,   where  the  complicaticns  that  Militaiy  agencies  have  introduced 
are   so   great  that   the  x-fnole  process  of  meeting  specifications,    inspections,    and 
testing  has  gotten  into  astronoraical  fig-ures  of  expense  that  no   corranercial  Operation 
could  find  profitable.     A  great   comraercial  business  like  the  automobile  industry, 
for  example,   is  not  run  this  xjay,      How  could  we  possiblj^  have  our  millions  of   cars 
if   every  customer  required  exhaustive  stress  analysis  of  every  part,  and  their  Sub- 
mission to   him  for  his  approval  and  inspection  vjith  the  customer  watching  over  the 
construction  to  see  first  that  the  material  specified  is  used  and  second  that  it 
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is   fabricated  as  inten dedo      Commerce  in  order  to  be   economical  must   rely  on  faith, 
reputation,   and  the  honesty  of  the  maker  of  a  producto     But  in  the  inilitarjr  system, 
tliis  is  not   recognized,     The  expense  that   ensues  in  the  Military  tiay  of  prociaring 
an  item  kills  its  commercial  possibilities  at  once. 

The  Military  Services,   in  their  continuing  requirement  for  greater  appropriations, 
naturally  feel  that  the  public  would  more  easily  swallow  the  cost  bürden  of  our 
war-like   Situation   if  the  Air  Power   expense  i-ieve  to  be  propagandized  as  the   surest 
basis  for  future  commercial  advances»     But  the  Pentagon  Air  Poirer  authorities,  properly 
ambitious  as  they  are  in  their  own  field  -  delude  not  only  the  public  but  themselves 
by  not  calling  attention  to  the  fact  that  Military  requirements  and  procuring  Systems 
are  far  different  from  what   Civil  Aviation  needso 

ßiring  the  last  two  years,   there  has  been  going  on  in  Washington  the  process 
that  is   called  "broadening  the  base"   -  of  our  aircraft  manufacturing  potential« 
This  is  of  course  necessary  only  because  cur  commiercial  base  of  aircraft  production 
is   so   smallo      If  we  could  enlarge  this  to  be  scmething  like  the  automobile  industry 
is  in  peace  tirae,   it  would  not  be  necessary  to  "broaden  the  base"  by  bringing  auto- 
mobile people  in  to  build  aircraft»  '  There  would  be  aircraft  people  ready  to  proceed 
with  the  military  versicns  of  their  already  developed  products« 

Then  we  come  to  the  question  of  pilot  training»     This  would  certainlv  at   first      - . 
glance  seem  to  be  helpful  to   civilian  aviation  -  but  as  a  matter  of  fact  it  is  not  - 
except  in  a  small   degree  that   has  to   do  lArith  familiarity,      The  militarj'-  pilot   is 
trained  all  wrong  for  civilian  flyingo     To  begin  i-iith  he  is  trained  in  acrobatics       ■   ' 
which   shculd  be  absolutely  prohibited  in  civilian  aeronauticso      He  is  trained  to 
take  risks  in  getting  his  mission   done  and  he  is  trained  that  if  he  loses  a  plane 
he  gets  another  from  the  reserve  fleet,      The   civilian  avaition  pilot   should  start 
out  with  a  completely  different  psychology  from  the  very  beginning  of  his  training« 
The   civilian  psychology  should  be  a  venero.tion  and  a  love  of  his  little  plane  vjith 
almost  a  tender  regard  to   see  that  it  is  not  scratched«     And  the  civilian  pilot 
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should  be  taught   good  raanners  and  a  high  regard  for  the  civilian  public  around 
him  -  not  to  blow  dust   in  their   eyes  and  not  to  make  more  ncise  then  he  has  to  and 
to    do  so  at   reasonable  hours.     And  above  all,   he   should  be  taught  to  be  e"tremely 
careiul  of  the  waste  of  material  and  to  cherish  ever>^  item  of  his  equipraent  on 
which  money  has  been   spent. 

It  was  civilian  thinking  that  introduced  into  the  Pacific  Air  Vfer  a  verj 
miich  keener  concept  of  the  iüiportance  of  fn.el  economy  than  the  Military  had  given 
any  attention  to.      This  was  the  work  that  Lindberg   did  when  he  added  hundreds  of 
miles  to  the  ränge  of  fighters  by  just  working  out  in   detail  how  to  handle  the 
fusl   for  inaxirr?am  economy e 

In  the   military  establishments,   growing  ever  bigger  as  they  do,   there  is  a 
natural  tendency  to  add  divisions,    departments,   and  ad'.iticnal  units  of  personnel. 
This,   in  a  gi-eat  measure,   is  responsible  for  the  increasing  complications  in  air- 
crafto     Every  litLle  department  wants  to   get  its  gadget  into  production  -  and  all, 
mind  ycu,  in  a  perfectly  honest  conscientious  efiort  to   get  the  best  aircraft«     The 
best  example  of  the  increasing  complication  and  bureaucratic  grovrbh  that  would 
make  cormercial   developraent  under  any  such  systeni  highly  iripractical  is  to  recall 
that  the  inspsction  teams  to  lock  over  a  mock-up  of  a  military  plane  a  decade  or 
two   ago   consisted  of  four  or  five  officers.      Todai^,   a  ir-LOck-up  board  consists   of 
over  one  humored  men  -   each  \tL\,\i  his  oun  little  inslstance  of  ijhat  he  wants  on 
ths  poor  little  aircraft.     There  is   no    encourage:  ent   for   cliT-lian  avaition  in 
any  set-up  such  as  this. 

Airline   developrrient   has,   to  be   sure,  been  one  in  -i-jhich   angine,    instrunientation 
and  other  military  work  have   been  most   helpf'Jl.,     But  as  a  business  fcr  a  big  industry 
the  production   possibilities  ox   airline  planes  could  not  alone  'o   relied  on  to  fill 
the  gap  if  the  rallitar;/-  ernergencj'  were  to   stop.      1  neod  hardly  remind  jon  that  the 
tremendous  air  travel  in  tbJLs  count:-^,^  is   done  by  only  a  little  over  a  thousand 
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planeso     International  air  travel  has  now  assumed  tremendcus  figures  in  vrhich 
last  year  one  million  thfee  hundred  thousand  passengers  v-ere  carried  bj  inter- 
national airlines  of  tlie  United  States,   three  hundred  thousand  inore  passengers 
traveling  by  air  then  by  ships»     This  was  all   done  however  by  a  small  fleet  of 
only  two  hundred  and  thirty-four  planes,     On  a  twenty  percent  replacement  rate, 
the  airllne  market  for  our  huge  aircraft  industry  would  only  total  IjOO-^OO  trans- 
port  planes  a  year» 

It  is  in  the  private  use  of  planes  that  the  big  market  that  will  fill  the 
gap  and  create  a  great  industry  will  be  found«     This  is  already  beginning  to  be 
evident  in  the  executive  aircraft  field  which  has  now  groxim  up  to  a  thousand 
planes  at  a  value  of  forty-eight  million   dollars  annually  -  used  by  a  'growing 
list  of  two- hundred  and  forty  business  firmso     Then  there  is  a  slow  but   steady 
growth  in  farm  and  crop   dusting  aviation,      3ut  the  use  of  aircraft  as  a  personal 
vehicle   is  almost  negligible»      This  is  the  field  that  needs   development  most 
and  it  gets  the  very  least  from  the  Military  at  presento 

The  top  engineers  -  the  real  geniuses  whose  skill  is  so   evident  in  our 
fine  military  airplanes  -  have  not  given  rauch  attention  to  this  field  ~  in 
fact  they  cannoto     They  are  too  engrossed  in  their  Military  probleras«     And  it 
is  pretty  evident  that  we  have  not  made  rauch  progress  in this  field  when  we 
realize  that   for  several  years  after  the  war  all  that  we  could  come  up  with  for 
the  personal  private  aviator  -  up  to  a  year  or  two   ago  -  was  the  "Cub"   class  of 
aircraft     and  re-xTOrked  war  typeso 

It  is  certainly  possible   in  the  present  state  of  the  science  and  art  of 
aviation  to  see  in  the  future,    quite   soon  -  if  vje  could  only  get  busy  on  it  - 
an  aircraft  at  modest   cost   that   could  take  off  and  land  vertically  and  Flj  fast 
horizontally  and  that  could  have  its   diffiailt  balancing  technique   done  by  automatic 
pilotj    leaving  only  steering  and  speed  control  to  the  occupant„     V/e  may  even  see 
the  day  when  we  will  have  worked  out  a  radar  safety  landlng  system  that  lill  insure 


a  safe  landing  even  if  the  pilot  is  asleep  at  the  switcho  It  is  in  such  a  vehicle 
that  a  person  with  poor  eyesight  and  avanced  age  cculd  drive  as  safely  as  an  auto- 
mobileo 

Landing  and  taking  off  on  very  small  private  areas  and  traveling  in  traf fic 
at  ten  to  hundreds  of  miles  an  hour  is  in  the  immediate  future  and  it  is  this 
that  will  create  a  great     peacetime  industry»     Militai-y  development  is  just  not 
capable  of  doing  it^  because  the  requireraents,  the  philosophy,  the  m.ethod  of 
approach  are  all  so  totally  differento     So  when  you  read  that  Air  War  development 
is  a  great   stiraulus  and  help  to  Civi.l  Aviation  and  the  Coming  Air  Vehicle  Age, 
take  it  with  a  very  large  grain  of  salto 
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